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(54) Parameter detection of a DC brushless motor and vector control of that motor 



(57) A constant detecting apparatus 1 5 comprising - 
a detecting unit 26 and a calculating unit 27. The detect- 
ing unit 26 is structured comprising a rotation sensor 41 , 
a torque sensor 42, a position sensor 43, a rotor tern- . 
perature sensor 44, a winding temperature sensor 45, 
a phase voltage detector 46, and phase current detec- 
tors 47 and 47. The calculating unit 27 calculates the 



induced voltage constant Ke that changes depending 
on the motor temperature Tmag while the motor 11 is 
being driven based on each of the detected signals from 
the detecting unit 26, and at the same time, the d axis 
current Id and the q axis current Iq are calculated after 
elimination of the iron loss, and the d axis inductance 
Ld and the q axis inductance Lq in the actual operating 
state of the motor 1 1 are calculated. 
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Description 



BACKGROUND OF THE INVENTION 
'5 Field of the Invention 

[0001] The present invention relates to a constant detecting apparatus for a brushless DC motor for detecting the 
inductance of a brushless DC motor comprising a rotor that has a permanent magnet and a stator that generates a 
rotating magnetic field that causes th e rotation of the rotor, a control apparatus for a brushless DC motor, and a program 
10 for detecting the constant of a brushless DC motor. 

Description of the Related Art 

[0002] Conventionally, vehicles such as electric vehicles and hybrid vehicles are known that have installed a brush- 
's less DC motor using a permanent magnet to provide a magnetic field as a power source for vehicle travel. 

[0003] A control apparatus for this kind of brushless DC motor is known that carries out feedback control such that, 
for example, a phase current supplied to each phase of a brushless DC motor is measured, and the measured value 
of the phase current is converted to an orthogonal coordinate system that rotates in synchronism with the rotor. The 
orthogonal coordinate system comprises, for example, a d axis current and a q axis current on a dq coordinate system 
20 where the direction of the flux of the rotor is the d axis (the torque axis) and the direction orthogonal to this d axis is 
the q axis (the magnetic field axis). In this control apparatus, the feedback control is carried out so that the difference 
. between the command value and the measured value of the current is zero on this dq coordinate system. 

[0004] Specifically, the d axis voltage command value and the q axis voltage command value on the dq coordinate 
system are calculated, for example, by a proportional integration (PI) operation from the differences between the com- 
25 mand value and the observed value of the current on the dq coordinate axis, that is, the d axis current difference and 
the q axis current difference. Next, each of the voltage command values for the phase voltage supplied to each of, for 
example, three phases (the U phase, the V phase, and the W phase) of the brushless DC motor are calculated from 
the d axis voltage command value and the q axis voltage command value. In addition, each of these voltage command 
values is input as a switching command to the inverter formed by switching elements such as insulated-gate bipolar 
30 transistors (IGBTs), and the alternating current power for driving the brushless DC motor is output from the inverter 
depending on these switching commands. 

[0005] In a control apparatus for a brushless DC motor according to the one example of the conventional art described 
above, a method is known wherein, for example, the d axis inductance and q axis inductance are calculated as pa- 
rameters when the d axis current command value and the q axis current command value are calculated based on the 

35 torque command that depends on how much the driver of the vehicle maneuvers the accelerator. 

[0006] However, in the control apparatus of the brushless DC motor described above, because of the presence, for 
example, of the phase delay characteristic of the position sensor for detecting the electromagnetic pole position of'the 
rotor, there is the case in which the signal of the position sensor that represents a predetermined reference position 
presents a value that has shifted with respect to the true reference position as the number of rotations increases. Due 

'0 to the shifting of the position sensor, there are the problems that errors occur in the phases of each of the current 
phases and the phases of each of the voltage phases, and that errors occur in the results of the calculation of the d 
axis inductance and the q axis inductance. 

[0007] in addition, while the brushless DC motor is being rotated, the winding resistance value fluctuates along with 
the fluctuations in the temperature of the windings that are wound around the rotor, the induced voltage fluctuates 
'5 along with the fluctuations in the temperature of the permanent magnet of the rotor, the iron loss fluctuates, or the like, 
and thereby there are the problems that errors occur in the voltage vector, and that errors occur in the results of the 
calculation of the d axis inductance and the q axis inductance. 

[0008] Here, in the case that the d axis current command value and the q axis current command value are calculated 
based on a d axis inductance and a q axis inductance that include these errors, there are the problems that the precision 
o of the initial response decreases, and that the responsiveness during feedback control deteriorates. Furthermore, 
because the actual operating condition cannot be adequately known, there is the concern that inconveniences such 
as a decrease in the operating efficiency and excess current may occur. 

[0009] In addition, in methods that estimate each of the inductances by taking into consideration the amount of 
transient fluctuation of the d axis inductance and the q axis inductance, there are the problems that the amount of 
5 required memory must be increased in order to store each type of control data. In addition, the calculation processing 
becomes complex, the scale of the control apparatus increases, and the necessary cost is increased when the control 
apparatus is configured. 

[001 0] in consideration of the above-described problems, it is an object of the present invention to provide a constant 
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"detecting apparatus for a brushless DC motor wherein the necessary cost originating in configuring the apparatus and 
the programs is decreased and the initial response precision and readiness during control is increased, control appa- 
ratus for the brushless DC motor, and a program for detecting the constant of a brushless DC motor. 

SUMMARY OFTHE INVENTION 

[001 1] In order to attain the object of solving the above-described problems, in a first aspect of the present invention, 
a constant detecting apparatus for a brushless DC motor for detecting the inductance of a brushiess DC motor com- 
prising a rotor that has a permanent magnet and a multiphase stator that generates a rotating magnetic field that causes 
the rotation of the rotor is characterized in comprising a phase voltage detecting device (for example, the phase voltage 
detector 46 in the embodiment described below) for detecting the phase angle and the effective value of the phase 
voltage of the brushless DC motor and a phase current detecting device (for example, the phase current detector 47 
in the embodiment described below) for detecting the phase angle and-the effective value of the phase current and a 
position detecting device (for example, the position sensor 43 in the embodiment described below) for detecting the 
phase angle of the induced voltage from the magnetic pole position of the rotor and a rotation number detecting device 
(for example the rotation sensor 41 in the embodiment described below) for detecting the number of rotations; a phase 
resistance value calculating device (for example, step S 12 in the embodiment described below) for calculating the 
phase resistance value based on the temperature of the brushless DC motor and an induced voltage constant calcu- 
lating device (for example, step S 24 in the embodiment described below) for calculating the induced voltage constant; 
a phase difference calculating device (for example, step S 14 and step S 17 in the embodiment described below) for 
calculating the voltage phase difference comprising the difference between the phases of the induced voltage and 
phase voltage and the current phase difference comprising the difference between the phases of the induced voltage 
and the phase current; a phase compensating value calculating device (for example, the step S 1 6 in the embodiment 
described below) for calculating the phase compensating value that compensates the voltage phase difference and 
the current phase difference based on the number of rotations; an iron loss calculating device (for example, steps S 
20 to step S 27 in the embodiment described below) for calculating the iron loss of the brushless DC motor; an effective 
phase current calculating device (step S 28 in the embodiment described below) for calculating the effective phase 
current based on the iron loss by subtracting the iron loss component from the phase current; and an inductance 
calculating device (for example step S 29 in the embodiment described below) for calculating the magnetic field axis 
inductance and the torque axis inductance based on the phase resistance value, the number of rotations, the induced 
voltage constant, the voltage phase difference, the current phase difference, the phase compensating value, and the 
effective phase current. 

[0012] According to the constant detecting device for a brushless DC motor having the structure described above, 
the copper loss can be suitably calculated by calculating the phase resistance value that depends on the temperature 
change of the brushless DC motor while rotating. Furthermore, a suitable induced voltage can be calculated by multi- 
plying the induced voltage constant found by searching a map, for example, and an accurate number of rotations 
detected by the rotating number detecting device, which depends on the temperature change of the brushless DC 
motor while rotating. 

[0013] Furthermore, an increase in the error caused by the phase delay characteristics of the position detecting 
device can be prevented by compensating the voltage phase error and the current phase error detected by the position 
detecting device depending on the number of rotations. Furthermore, a suitable phase current can be calculated de- 
pending on the actual operating state of the brushless DC motor by calculating the iron loss of the brushless DC motor 
during rotation and subtracting the iron loss component from the phase current detected by the phase current detecting 
device. 

45 [0014] In this manner, each inductance can be calculated with high precision taking into consideration the fluctuation 
of the copper loss, the fluctuation of the induced voltage, the detected error due to the phase delay of the position 
detecting device, and the discrepancy in the phase current due to the iron loss by calculating the magnetic field axis 
inductance and the torque axis inductance based on the calculated phase resistance value, the induced voltage con- 
stant, the voltage phase difference and current phase difference, the phase compensating value, and the effective 

so phase current. 

[0015] In a second aspect of the present invention, a constant detecting apparatus for a brushless DC motor accord- 
ing to the first aspect comprises an output torque detecting device (for example, the torque sensor 42 in the embodiment 
described below) for detecting the output torque of the brushless DC motor, and wherein the iron loss calculating device 
comprises a motor power calculating device (for example, step S 20 in the embodiment described below) for calculating 
the motor output power and the motor input power of the brushless DC motor based on the output torque and the 
number of rotations; a copper loss calculating device (for example, step S 21 in the embodiment described below) for 
calculating the copper loss based on the phase resistance value and the phase current; a total motor loss calculating 
device (for example, step S 22 of the embodiment described below) calculates the total motor loss by subtracting the 
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motor output power from the motor input power; a mechanical loss calculating device (for example, step S 23 in the 
embodiment described below) for calculating the mechanical loss of the brushless DC motor; a subtracting device (for 
example, step S 26 in the embodiment describe below) for calculating the iron loss by subtracting the copper loss and 
the mechanical loss from the total motor loss; and an equivalent resistance value calculating device (for example, step 

5 S 27 in the embodiment described below) for calculating the measured iron loss equivalent resistance value based on 
the effective value of the phase voltage that includes all frequency components and the iron loss. 
[001 6] According to the constant calculating device of the brushless DC motor having the structure described above, 
the effective phase current that does hot include the iron loss component can be easily calculated from the phase 
current detected by the phase current detecting device by calculating the iron loss by subtracting the copper loss and 

10 the mechanical loss from the total loss of the brushless DC motor, and then calculating the iron loss equivalent resist- 
ance value for the phase voltage from this iron loss. 

[0017] Here, a suitable mechanical loss that depends on the state of actual operating state of the brushless DC 
motor can be obtained by setting in advance a predetermined map or the like that depends, for example, on the number 
of rotations. 

15 [0018] Furthermore, in a third aspect of the present invention, the constant detecting device for a brushless DC motor 
is characterized in that the phase resistance value calculating device calculates the phase resistance value based on 
the temperature of the stator windings, and the induced voltage constant calculating device calculates the induced 
voltage constant based on the temperature of the rotor. 

[0019] According to the constant detecting device for a brushless DC motor having the structure described above, 
20 in the brushless DC motor during rotation, a phase resistance value that increases along with the increase in the 
winding temperature can be suitably calculated, and atthesametimean induced voltage that changes with a decreasing 
tendency along with the increase in the temperature of the permanent magnet used to provide the magnetic field can 
be suitably calculated. 

[0020] Here, in the case that the induced voltage is calculated, the induced voltage can be easily calculated by setting 
in advance a predetermined map orthe like forthe induced voltage constant that changes depending on the temperature 
of the rotor, and multiplying the induced voltage constant obtained by the map search by the number of rotations. 
[0021 ] In addition, in a fourth aspect of the present invention, the constant detecting device for a brushless DC motor 
comprising a rotor that has a permanent magnet and a multiphase stator that generates a rotating magnetic field that 
causes the rotation of the rotor, and is rotated by an electric switching device (for example, the inverter 13 in the 
30 embodiment described below) is characterized in comprising a phase voltage detecting device (for example, the phase 
voltage detector 46 in the embodiment described below) for detecting the phase angle and the effective value of the 
phase voltage of the brushless DC motor and a phase current detecting device (for example, the phase current detector 
47 in the embodiment described below) for detecting the phase angle and the effective value of the phase current and 
a position detecting device (for example, the position sensor 43 in the embodiment described below) for detecting the 
35 phase angle of the induced voltage from the magnetic pole position of the rotor and a rotation number detecting device 
(for example the rotation sensor 41 in the embodiment described below) for detecting the number of rotations; a phase 
resistance value calculating device (for example, step S 12 in the embodiment described below) for calculating the 
phase resistance value based on the temperature of the brushless DC motor; a phase difference calculating device 
(for example, step S 1 4 and step S 1 7 in the embodiment described below) for calculating the voltage phase difference 
40 that comprises the difference between the phases of the induced voltage and phase voltage and the current phase 
difference comprising the difference between the phases of the induced voltage and phase current; a phase compen- 
sating value calculating device (for example, the step S 16 in the embodiment described below) for calculating the 
phase compensating value that compensates the voltage phase difference and the current phase difference; an iron 
loss calculating device (for example, steps S 20 to step S 27 in the embodiment described below) for calculating the 
45 iron loss of the brushless DC motor during rotation; an effective phase current calculating device (step S 28 in the 
embodiment described below) for calculating the effective phase current based on the iron loss by subtracting the iron 
loss component from the phase current; a power supply interrupting device (for example, the interruption circuit 56 in 
the embodiment described below) that temporarily interrupts the power supply to the brushless DC motor from the 
electric switching device; and an inductance calculating device (for example step S 29 in the embodiment described 
50 below) for detecting the voltage value of the induced voltage by the phase voltage detecting device during the power 
supply interruption due to the power supply interruption device, and calculates the magnetic field axis inductance and 
the torque axis inductance based on the phase resistance value, the voltage value of the induced voltage, the voltage 
phase difference, the current phase difference, the phase compensating value, and the effective phase current. 
[0022] According to the constant detecting apparatus for a brushless DC motor having the structure described above , 
55 when calculating the magnetic field axis inductance and the torque axis inductance based on the detected signals of 
each of the detecting device and taking into consideration the fluctuation in the copper loss, the fluctuation in the 
induced voltage, the detected error due to the phase delay of the position detecting device, and the discrepancy of the 
phase current due to the iron loss, the induced voltage can be directly detected by the phase voltage detecting device 
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by temporarily interrupting the power supply from the electrical switching device that rotates the brushless DC motor. 
[0023] Thereby, the magnetic field axis inductance and the torque axis inductance can be calculated with high pre- 
cision depending on the state of actual operation of the brushless DC motor. 

[0024] In addition, in a fifth aspect of the present invention, the constant detecting apparatus of the brushless DC 
motor comprising a rotor that has a permanent magnet and a stator having multiphase stator windings that generate 
a rotating field that rotates this rotor, and detects the inductance of the brushless DC motor rotated by an electric 
switching device (for example, the inverter 13 in the embodiment described below) is characterized in comprising a 
winding temperature detecting device (for example the winding temperature sensor 45 in the embodiment described 
below) for detecting the temperature of the rotor windings; a rotor temperature detecting device (for example, the rotor 
temperature sensor 44 in the embodiment described below) for detecting the temperature of the rotor; a phase voltage 
detecting device (for example, the phase voltage detector 46 in the embodiment described below) for detecting the 
phase angle and the effective value of the phase voltage; a phase current detecting device (for example, the phase 
current detector 47 in the embodiment described below) for detecting the phase angle and the effective value of the 
phase current; a position detecting device (for example, the position sensor 43 in the embodiment described below) 
15 for detecting the phase angle of the induced voltage from the magnetic pole position of the rotor; a rotation number 
detecting device (for example, the rotation sensor 41 in the embodiment described below) for detecting the number of 
rotations; an output torque detecting device (for example, the torque sensor 42 in the embodiment described below) 
for detecting the output torque; a phase difference detecting device (for example step S 1 4 and step S 1 7 in the em- 
bodiment described below) for calculating the voltage phase difference comprising the difference between the phases 
20 of the induced voltage and the phase voltage and the current phase difference comprising the difference between the 
phases of the induced voltage and the phase current; a storage device (for example, memory 28 in the embodiment 
described below) that stores the winding resistance value of the windings and the wiring resistance value of the con- 
necting wiring of the brushless DC motor at a predetermined temperature, the voltage phase difference set in advance 
depending on the number of rotations and the mechanical loss that is set in advance depending on the compensated 
value of the current phase difference and the number of rotations, and the induced voltage constant set in advance 
depending on the temperature of the rotor; a phase resistance value calculating device (for example, step S 1 2 in the 
embodiment described below) for calculating the phase resistance value of the brushless DC motor during rotation 
based on the winding temperature, the winding resistance value, and the wiring resistance value; a phase difference 
compensating device (for example, step S 16 to step S 19 in the embodiment described below) for calculating the 
compensating voltage phase difference and the compensating current phase difference that compensate the current 
phase difference and the voltage phase difference based on the compensating value; a motor power calculating device 
(for example, step S 20 in the embodiment described below) for calculating the motor output power and the motor input 
power of the brushless DC motor based on sad output torque and the number of rotations; a copper loss calculating 
device (for example, step S 21 in the embodiment described below) for calculating the copper loss based on an effective 
35 value that includes the phase resistance value and all frequency components of the phase current; a total motor loss 
calculating device (for example, step S 22 in the embodiment described below) for calculating the total motor loss by 
subtracting the motor output power from the motor input power; a subtracting device (for example, step S 26 in the 
embodiment described below) for calculating the iron loss by subtracting the copper loss and the mechanical loss from 
the total motor loss; an equivalent resistance value calculating device (for example step S 27 in the embodiment de- 
*o scribed below) for calculating the measured iron loss equivalent resistance value based on the effective value of the 
phase voltage that includes all frequency components and the iron loss; an effective phase current calculating device 
(for example, step S 28 in the embodiment described below) for calculating the effective phase current excluding the 
iron loss component by subtracting the iron loss component from the effective value of the phase current and an 
effective phase difference calculating device (for example, step S 28 in the embodiment explained below) for calculating 
the effective current phase difference excluding the iron core component from the compensating current phase differ- 
ence based on the magnetic filed axis current value and the torque axis current value of the effective phase current; 
and an inductance calculating device (for example step S 29 in the embodiment described below) for calculating the 
magnetic field axis inductance and the torque axis inductance based on the phase resistance value, the number of 
rotations, the induced voltage constant, the effective phase current, the compensating voltage phase difference, and 
50 the effective current phase difference. 

[0025] According to the constant detecting apparatus for a brushless DC motor having the structure described above, 
the winding resistance value after temperature compensation can be calculated based on the winding resistance value 
at a predetermined temperature stored in the storage device and the winding temperature detected during rotation of 
the brushless DC motor. In addition, the phase resistance value is calculated by adding the calculated winding resist- 
ance value and the wiring resistance value stored in the storage device, and the copper loss is calculated by the phase 
current detected by the phase current detecting device. In addition, the phase resistance value is calculated by adding 
the calculated winding resistance value and the wiring resistance value stored in the storage device, and calculates 
the copper loss by the phase current detected by the phase current detecting device. The effective phase current that 
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does not include the iron loss component by calculating the iron loss based on this copper loss and the mechanical 
loss and the total motor loss stored in the storage device, and then calculating the iron loss equivalent resistance value 
with respect to the phase voltage. 

[0026] In addition, using the compensating values of the phases of voltage phase difference and the current phase 
difference stored in the storage device, the phase differences detected by the phase detecting device are compensated, 
and then the current phase difference that does not include the iron loss component is calculated. In addition, by 
calculating the magnetic field axis inductance and the torque axis inductance based on the induced voltage constant 
stored in the storage device and the phase resistance value, the effective phase current, the compensating voltage 
phase difference, and the current phase difference calculated based on the detected values, each of the inductances 
can be calculated with high precision taking into consideration the fluctuations in the copper loss, the discrepancy of 
the phase current due to iron loss, the detection error due to the phase delay of the position detecting device, and the 
fluctuations in the induced voltage. 

[0027] In addition, in a sixth aspect of the present invention, a control apparatus for a brushless DC motorthat rotates 
a brushless DC motor comprising a rotor that has a permanent magnet and a multiphase stator having stator windings 
that generate a rotating field that rotates this rotor using an electric switching device (for example, the inverter 13 in 
the embodiment described below) that sequentially commutes the electricity to the stator winding that comprises a 
plurality of switching elements characterized in comprising a phase voltage detecting device (for example, the phase 
voltage detector 46 in the embodiment described below) for detecting the phase angle and the effective value of the 
phase voltage of the brushless DC motor and a phase current detecting device (for example, the phase current detector 
47 in the embodiment described below) for detecting the phase angle and the effective value of the phase current and 
a position detecting device (for example, the position sensor 43 in the embodiment described below) for detecting the 
phase angle of the induced voltage from the magnetic pole position of the rotor and a rotation number detecting device 
(for example the rotation sensor 41 in the embodiment described below) for detecting the number of rotations; a phase 
resistance value calculating device (for example, step S 12 in the embodiment described below) for calculating the 
phase resistance value based on the temperature of the brushless DC motor and an induced voltage constant calcu- 
lating device (for example, step S 24 in the embodiment described below) for calculating the induced voltage constant; 
a phase difference calculating device (for example, step S 14 and step S 17 in the embodiment described below) for 
calculating the voltage phase difference comprising the difference between the phases of the induced voltage and the 
phase current and the current phase difference comprising the difference between the phases of the induced voltage 
and phase current; a phase compensating value calculating device (for example, the step S 16 in the embodiment 
described below) for calculating the phase compensating value that compensates the voltage phase difference and 
the current phase difference based on the number of rotations; an iron loss calculating device (for example, steps S 
20 to step S 27 in the embodiment described below) for calculating the iron loss of the brushless DC motor during 
rotation; an effective phase current calculating device (step S 28 in the embodiment described below) for calculating 
the effective phase current based on the iron loss by subtracting the iron loss component from the phase current; an 
inductance calculating device (for example step S 29 in the embodiment described below) for calculating the magnetic 
field axis inductance and the torque axis inductance based on the phase resistance value, the number of rotations, 
the induced voltage constant, the voltage phase difference, the current phase difference, the phase compensating 
value, and the effective phase current; a torque command input device (for example, the torque command calculating 
unit 21 in the embodiment described below) that inputs the torque command value; a current command value calculating 
device (for example, the target current calculating unit 22 in the embodiment described below) for calculating the 
magnetic field axis current command value and the torque axis current command value based on the induced voltage 
constant, the magnetic field axis inductance, the torque axis inductance, and the torque command value; and a pulse 
width modulated signal output device (for example, the feedback control unit 23 in the embodiment described below) 
that outputs a pulse width modulated signal to the electric switching device based on the magnetic field axis current 
command value and the torque axis current command value. 

[0028] According to control apparatus for the brushless DC motor having the structure described above, a suitable 
copper loss can be suitably calculated by calculating the phase resistance value that depends on the temperature 
change of the brushless DC motor during rotation. Furthermore, a suitable induced voltage that depends on the tem- 
perature change of the brushless DC motor during rotation can be calculated by multiplying the induced voltage constant 
found, for example, by searching a map, and the number of rotations detected by a rotation detecting device. 
[0029] Furthermore, the increase in the error caused by the phase delay property of the position detecting device 
can be prevented by compensating the voltage phase difference and the current phase difference detected by'the 
position detecting device depending on the number of rotations. Furthermore, a suitable phase current can be calcu- 
lated that depends on the actual operating state of the brushless DC motor by calculating the iron loss of the brushless 
DC motor during rotation and subtracting the iron loss component from the phase current detected by the phase current 
detecting device. 

[0030] Each inductance can be calculated with high precision taking into consideration the fluctuation of the copper 



6 



10 



15 



20 



30 



35 



40 



45 



50 



55 



EP 1 220 439 A2 

loss, the fluctuation in the induced voltage, the detected difference due to the phase delay of the position detecting 
device, and the discrepancy in the phase current due to the iron loss by calculating the magnetic field axis inductance 
and the torque axis inductance based on the phase resistance value, induced voltage, the voltage phase difference 
and the current phase difference, the phase compensating value, and the effective phase current. 
[0031 ] Thereby, during the control of the brushless DC motor, the correct magnetic field axis current command value 
and the torque axis current command value that depend on the torque command value can be calculated, and the 
initial response precision can be improved. Furthermore, feedback control can be carried out based on the effective 
phase current that does not include the iron loss component, and the responsiveness and operational effectiveness 
during control can be improved. 

[0032] Furthermore, because the calculation processing is carried out using many detected valued that have been 
measured by each of the detecting devices, for example, it is possible to prevent increasing the amount of memory 
required to store the control data and prevent increasing the scale of the control apparatus due to the increasing 
complexity of the calculating processing, and thereby contribute to the elimination of the costs required when con- 
structing the control apparatus. 

[0033] In addition, in a seventh aspect of the present invention, a control apparatus for a brushless DC motor is 
characterized in comprising an output torque detecting device (for example, the torque sensor 42 in the embodiment 
described below) for detecting the output torque of the brushless DC motor, and wherein the iron loss calculating device 
comprises a motor power calculating device (for example, step S 20 in the embodiment described below) for calculating 
the motor output power and the motor input power of the brushless DC motor based on the output torque and the 
number of rotations; a copper loss calculating device (for example, step S 21 in the embodiment described below) for 
calculating the copper loss based on the phase resistance value and the phase current; a total motor loss calculating 
device (for example, step S 22 in the embodiment described below) for calculating the total motor loss by subtracting 
the motor output power from the motor input power; a mechanical loss calculating device (for example step S 23 in 
the embodiment described below) for calculating the mechanical loss of the brushless DC motor; a subtracting device 
(for example, step 26 in the embodiment described below) for calculating the iron loss by subtracting the copper loss 
and the mechanical loss from the total motor loss; and an equivalent resistance value calculating device (for example, 
step S 27 in the embodiment described below) for calculating the measured iron loss equivalent resistance value based 
on the effective value of the phase voltage that include all frequency components and the iron loss. 
[0034] According to the control apparatus for the brushless DC motor having the structure described above, the 
effective phase current that does not include the iron loss component for the phase current detected by the phase 
current detecting device can be easily calculated by calculating the iron loss by subtracting the copper loss and the 
mechanical loss from the total loss of the brushless DC motor and calculating the iron loss equivalent resistance value 
for the phase voltage from this iron loss. 

[0035] Here, a suitable mechanical loss that depends on the actual operating state of the brushless DC motor can 
be obtained by setting in advance a predetermined map or the like that depends, for example, the number of rotations. 
[0036] Furthermore, in an eighth aspect of the present invention, a control apparatus for a brushless DC motor is 
characterized that the phase resistance value calculating device calculates the phase resistance value based on the 
temperature of the stator windings, and the induced voltage constant calculating device calculates the induced voltage 
constant based on the temperature of the rotor. 

[0037] According to the control apparatus of the brushless DC motor having the structure described above, while 
the brushless DC motor is rotating, the phase resistance value that increases along with the increase in the winding 
temperature can be suitably calculated, and in addition, an induced voltage that decreases along with the increase on 
the temperature of the permanent magnet used for the magnetic field can be suitably calculated. 
[0038] Here, in the case that the induced voltage is calculated, the induced voltage can be easily calculated by setting 
in advance a predetermined map or the like for the induced voltage constant that changes depending, for example, on 
the temperature of the rotor, and multiplying the number of rotations by the induced voltage constant obtained by a 
map search. 

[0039] Furthermore, in a ninth aspect of the present invention, a control apparatus for a brushless DC motor that 
rotates a brushless DC motor comprising a rotor that has a permanent magnet and a multiphase stator having stator 
windings that generate a rotating field that rotates this rotor using an electric switching device (for example, the inverter 
13 in the embodiment described below) that sequentially commutes the electricity to the stator winding that comprises 
a plurality of switching elements characterized in comprising a phase voltage detecting device (for example, the phase 
voltage detector 46 in the embodiment described below) for detecting the phase' angle and the effective value of the 
phase voltage of the brushless DC motor and a phase current detecting device (for example, the phase current detector 
47 in the embodiment described below) for detecting the phase angle and the effective value of the phase current and 
a position detecting device (for example, the position sensor 43 in the embodiment described below) for detecting the 
phase angle of the induced voltage from the magnetic pole position of the rotor and a rotation number detecting device 
(for example the rotation sensor 41 in the embodiment described below) for detecting the number of rotations ; a phase 



7 



EP 1 220 439 A2 

resistance value calculating device (for example, step S 12 in the embodiment described below) for calculating the 
phase resistance value based on the temperature of the brushless DC motor; a phase compensating value calculating 
device (for example, the step S 16 in the embodiment described below) for calculating the phase compensating value 
that compensates the voltage phase difference and the current phase difference; an iron loss calculating device (for 
5 example, steps S 20 to step S 27 in the embodiment described below) for calculating the iron loss of the brushless DC 
motor during rotation; an effective phase current calculating device (for example, step S 28 in the embodiment described 
below) for calculating the effective phase current by subtracting the iron loss component from the phase current based 
on the iron loss; a power supply interrupting device (for example, the interrupting circuit 56 in the embodiment described 
below) that temporarily interrupts the power source from the electric switching device to the brushless DC motor; an 
10 inductance calculating device (for example step S 29 in the embodiment described below) for detecting the voltage 
value of the induced voltage by the phase voltage detecting device during the power supply interruption by the power 
supply interrupting device, and calculates the magnetic field axis inductance and the torque axis inductance based on 
the phase resistance value, the voltage value of the induced voltage, the voltage phase difference, the current phase 
difference, the phase compensating value, and the effective phase current; a torque command input device (for ex- 
's ample, the torque command calculating unit 21 in the embodiment described below) that inputs the torque command 
value; a current command value calculating device (for example, the target current calculating unit 22) for calculating 
the magnetic field axis current command value and the torque axis current command value based on the induced 
voltage, the magnetic field axis inductance, the torque axis inductance, and the torque command value; and a pulse 
width modulated signal output device (for example, the feedback control unit 23 in the embodiment described below) 
20 that outputs a pulse width modulated signal to the electric switching device based on the magnetic field axis current 
command value and the torque axis current command value. 

[0040] According to the control apparatus for the brushless DC motor having the structure described above, the 
induced voltage can be directly detected by phase voltage detecting device, and at the same time, the actual rotation 
angle can be directly detected by the rotation angle detecting device by temporarily interrupting the power supply from 

25 the electric switching device that rotates the brushless DC motor when calculating the magnetic field axis inductance 
and torque axis inductance that takes into consideration the fluctuation in the copper loss, the fluctuation of induced 
voltage, and detection error due to the phase delay of the rotation angle detecting device, and the discrepancy in the 
phase voltage due to the iron loss based on detected signals from each of the detecting device. 
[0041] Thereby, a magnetic field axis inductance and the torque axis inductance can be calculated with high precision 

so that depends on the actual operational state of the brushless DC motor. 

[0042] Furthermore, in a tenth aspect of the present invention, a control apparatus for a brushless DC motor that 
rotates a brushless DC motor comprising a rotor that has a permanent magnet and a multiphase stator having stator 
windings that generate a rotating field that rotates this rotor using an electric switching device (for example, the inverter 
13 in the embodiment described below) that comprises a plurality of switching elements and sequentially commutes 

35 the electricity to the stator winding, comprises in order to detect the rotating brushless CD motor by said electric switch- 
ing device a winding temperature detecting device (for example the winding temperature sensor 45 in the embodiment 
described below) for detecting the temperature of the stator winding by the electric switching device and a rotor tem- 
perature detecting device (for example, the rotor temperature sensor 44 in the embodiment described below) for de- 
tecting the temperature of the rotor and a phase voltage detecting device (for example, the phase voltage detector 46 

40 in the embodiment described below) for detecting the phase angle and the effective value of the phase voltage and a 
phase current detecting device (for example, the phase current detector 47 in the embodiment described below) for 
detecting the phase angle and the effective value of the phase current and a position detecting device (for example, 
the position sensor 43 in the embodiment described below) for detecting the phase angle of the induced voltage from 
the magnetic pole position of the rotor and a rotation number detecting device (for example the rotation sensor 41 in 

45 the embodiment described below) for detecting the number of rotations and an output torque detecting device (for 
example, the torque sensor 42 in the embodiment described below) for detecting the output torque; and further com- 
prises: a phase difference calculating device (for example, step S 1 4 and step S 1 7 in the embodiment described below) 
for calculating the voltage phase difference comprising the difference between the phases of the induced voltage and 
phase voltage and the current phase difference comprising the differences in the phases of the induced voltage and 

so the phase current; a memory device (for example the memory 28 in the embodiment described below) that stores the 
winding resistance value of the winding and the wiring resistance value of the connecting wiring of the brushless DC 
motor at a predetermined temperature, the pre-set voltage phase difference and the compensated value of the current 
phase differences that depend on the number of'rotations, the preset mechanical loss that depends on the number of 
rotations, and a preset induced voltage constant that depends on the temperature of the rotor; a phase resistance 

55 value calculating device (for example, step S 1 2 in the embodiment described below) for calculating the phase resist- 
ance value of the brushless DC motor during rotation based on the winding temperature, the winding resistance value, 
and the wiring resistance value; a phase difference compensating device (for example, the step S 16 to step S 19 in 
the embodiment described below) for calculating the compensating voltage phase difference and the compensating 



8 



EP 1 220 439 A2 

ourrent phase difference that compensate the current phase difference and the voltage phase difference based on the 
compensating value; a motor power calculating device (for example, step S 20 in the embodiment described below) 
for calculating the motor output power and the motor input power for the brushless DC motor based on the output 
- torque and the number of rotations; a copper loss calculating device (for example, step 21 in the embodiment described 
below) for calculating the copper loss based on the phase resistance value and effective value that includes all fre- 
quency components of the phase current; a total motor loss calculating device (for example, step 22 in the embodiment 
described below) calculates the total motor loss by subtracting the motor output power from the motor input power; a 
subtracting device (for example, step S 26 in the embodiment described below) for calculating the iron loss by sub- 
tracting the copper loss and the mechanical loss from the total motor loss; an equivalent resistance value calculating 
device (for example, step S 27 in the embodiment described below) for calculating the measured iron loss equivalent 
resistance value based on the effective value of the phase voltage that includes all frequency components and the iron 
loss; an effective phase current calculating device (for example, step 28 in the embodiment described below) for cal- 
culating the effective phase current eliminating the iron core component by subtracting the iron loss from the effective 
value of the phase current based on the measured iron loss equivalent resistance value, and the compensating current 
phase difference; an effective phase difference calculating device (for example, also step S 28 in the embodiment 
described below) for calculating the effective current phase difference eliminating the iron loss components from the 
compensating current phase difference based on the magnetic field axis current value and the torque axis current of 
the effective phase current; an inductance calculating device (for example, step S 29 in the embodiment described 
below) for calculating the magnetic field axis inductance and the torque axis inductance based on the phase resistance 
value, the number of rotations, the induced voltage constant, the effective phase current, the compensating voltage 
phase difference, and the effective current phase difference; a torque command input device (for example, the torque 
command calculating unit 21 ) that inputs the torque command value; a current command value calculating device (for 
example, the target current calculating unit 22 in the embodiment described below) for calculating the magnetic field 
axis current command value and the torque axis current command value based on the induced voltage constant, the 
magnetic field axis inductance, the torque axis inductance, and the torque command value; and a pulse width modulated 
signal output device (for example, the feedback control unit 23 in the embodiment described below) that outputs a 
pulse width modulated signal to the electric switching device based on the magnetic field axis current command value 
and the torque axis current command value. 

[0043] According to the control apparatus for the brushless DC motor having the structure described above, the 
winding resistance value after temperature compensation can be calculated based on the winding resistance value at 
a predetermined temperature stored in the storage device and the winding temperature detecting during rotation of 
the brushless DC motor. In addition, the phase resistance value is calculated by adding the calculated winding resist- 
ance value and the wiring resistance value stored in the storage device and the copper loss is calculated by the phase 
current detected by the phase current detecting device. The iron loss is calculated based on this copper loss, the 
mechanical loss stored in the storage device, and the total motor loss. Then the effective phase current that does not 
include the iron loss component is calculated by calculating the iron loss equivalent resistance value for the phase 
voltage. 

[0044] In addition, the detected voltage phase difference and current phase difference are compensated by the 
compensating value of the phase stored in the storage device, and then the current phase difference that does not 
include the iron loss component is calculated. 

[0045] In addition, each of the inductances can be calculated with high precision taking into consideration the fluc- 
tuation in the copper loss, the discrepancy in the phase current due to the iron loss, the detected error due to the phase 
delay of the position detecting device and the fluctuation in the induced voltage by calculating the induced voltage 
constant and the magnetic field axis inductance and the torque axis inductance based on the phase resistance value, 
the effective phase current, the compensating voltage phase difference, and the current phase difference. 
[0046] Thereby, during control of the brushless DC motor, the correct magnetic field axis current command value 
and the torque axis current command value that depend on the torque command value can be calculated, and the 
initial response precision can be improved. Furthermore, feedback control can be carried out based on the effective 
phase current that does not include an iron toss component, and the responsiveness and operational efficiency during 
control can be improved. 

[0047] In addition, in an eleventh aspect of the present invention, a constant detecting program for a brushless DC 
motor for making a computer function as a device for calculating the inductance of a brushless DC motor during rotation 
is characterized in comprising a phase resistance value calculating device (for example, step S 1 2 in the embodiment 
described below) for calculating the phase resistance value, based on the temperature of the brushless motor and an 
induced voltage constant calculating device (for example, step S 24 in the embodiment described below) for calculating 
the induced voltage constant; a phase difference calculating device (for example, step S 14 and step S 17 in the 
embodiment described below) for calculating the voltage phase difference comprising the difference between the phas- 
es of the induced voltage and the phase voltage and the current phase difference comprising the difference between 
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ttie'phases of the induced voltage and phase current; a phase compensating value calculating device (for example, 
the step S 16 in the embodiment described below) for calculating the phase compensating value that compensates 
the voltage phase difference and the current phase difference based on the number of rotations of the brushless DC 
- motor; an iron loss calculating device (for example, steps S 20 to step S 27 in the embodiment described below) for 
5 calculating the iron loss of the brushless DC motor; an effective phase current calculating device (for example, step S 
28 in the embodiment described below) for calculating the current value of the effective phase current by subtracting 
the iron loss component from the phase current of the brushless DC motor based on the iron loss; and an inductance 
calculating device (for example step S 29 in the embodiment described below) for calculating the magnetic field axis 
inductance and the torque axis inductance based on the phase resistance value, the number of rotations, the induced 
10 voltage constant, the voltage phase difference, the current phase difference, the phase compensating value, and the 
effective phase current. 

[0048] According to the program for detecting the constant of the brushless DC motor having the structure described 
above, the copper loss can be suitably calculated by calculating the phase resistance value that depends on the tem- 
perature change of the brushless DC motor during rotation. Furthermore, a suitable induced voltage can be calculated 
by multiplying the induced voltage constant that depends on the temperature change of the brushless DC motor during 
rotation, for example, by searching a map, by the number of rotations detected by the rotation number detecting device. 
[0049] Furthermore, an increase in the error caused by the phase delay characteristics of the position detecting 
device can be prevented by compensating the voltage phase difference and the current phase difference detected by 
the position detecting device depending on the number of rotations. Furthermore, a suitable phase current that depends 
on the actual operating state of the brushless DC motor can be calculated by calculating the iron loss of the brushless 
DC motor during rotation and subtracting the iron loss component from the phase current detected by the phase current 
detecting device. 

[0050] Each of the inductances can be calculated with high precision taking into consideration the fluctuation of the 
copper loss, the fluctuation of the induced voltage, the detection error due to the phase delay of the position detecting 
device, and the discrepancy of the phase current due to the iron loss by calculating the magnetic field axis inductance 
and the torque axis inductance based on the phase resistance value, the induced voltage constant, the phase com- 
pensating value, and the effective phase current calculated in this manner. 

[0051] In addition, in a twelfth aspect of the present invention, a program for detecting the constant of a brushless 
DC motor that causes a computer to function as a device for calculating the inductance of a brushless DC motor during 
rotation characterized in that the program comprises a operating data reading device (for example, step S 16, step S 
23, and step S 24 in the embodiment described below) that reads as operating data the temperature of the stator 
windings and the temperature of the rotor of the brushless DC motor, the phase angle and the effective value of the 
phase voltage, the phase angle and effective value of the phase current, the voltage phase difference comprising the 
difference between the phases of the induced voltage and the phase voltage, the current phase difference comprising 
the difference between the phases of the induced voltage and the phase current, the number of rotations, the output 
torque, the winding resistance value of the winding and the wiring resistance value of the connection wiring of the 
brushless DC motor at a predetermined temperature, the compensating value for the voltage phase difference and the 
current phase difference that has been set in advance depending on the number of rotations and the mechanical loss 
that has been set in advance depending on the number of rotations, and the phase angle of the induced voltage constant 
and the induced voltage that has been set in advance depending on the temperature of the rotor; a phase resistance 
value calculating device (for example, step S 12 in the embodiment described below) for calculating the phase resist- 
ance value of the brushless DC motor during rotation based on the winding temperature, the winding resistance value, 
and the wiring resistance value; a phase difference calculating device (for example, step S 14 and step S 17 in the 
embodiment described below) for calculating the voltage phase difference and the cu rrent phase difference; the phase 
difference compensating device (for example, step S 1 6 to step S 1 9 in the embodiment described below) for calculating 
the compensating voltage phase difference and the compensating current phase difference that compensate the current 
phase difference and the voltage phase difference based on the compensating value; a motor out calculating device 
(for example, step S 20 in the embodiment described below) for calculating the motor output power and motor input 
power of the brushless DC motor based on the output torque and the number of rotations; a copper loss calculating 
device (for example, step S 21 in the embodiment described below) for calculating the copper loss based on the phase 
resistance value and the effective value of the phase current that includes ail frequency components; a total motor loss 
calculating device (for example, step S 22 in the embodiment described below) for calculating the total motor loss by 
subtracting the motor output power from the motor input power; a subtracting device (for example step S 26 in the 
embodiment described below) for calculating the iron loss by subtracting the copper loss and the mechanical loss from 
the total motor loss; an equivalent resistance value calculating device (for example step S 27 in the embodiment de- 
scribed below) for calculating the measured iron loss equivalent resistance value based on the effective value of the 
phase voltage that includes all frequency components and the measured iron loss; an effective phase calculating device 
(for example, step S 28 in the embodiment described below) for calculating the current value of the effective phase 
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" current eliminating the iron loss component by subtracting the iron loss component from the effective value of the phase 
current based on the measured iron loss equivalent resistance value and the compensating current phase difference 
and an effective phase difference calculating device (for example, step S 28 in the embodiment described below) for 
calculating the effective current phase difference eliminating the iron loss component from the compensating current 
phase difference based on the magnetic field axis current value and the torque axis current value of said effective 
phase current; and an inductance calculating device (for example, step S 29 in the embodiment described below) for 
calculating the magnetic field axis inductance and the torque axis inductance based on the phase resistance value, 
the number or rotations, the inductance voltage constant, the effective phase current, the compensating voltage phase 
difference, and the effective current phase difference. 

[0052] According to the program for detecting the constant of a brushless DC motor having the structure described 
above, the winding resistance value after temperature compensation can be calculated based on the winding resistance 
value at a certain temperature and the winding temperature that are read out by the operating data reading device. In 
addition, the phase resistance value is calculated by adding the calculated winding resistance value and the wiring 
resistance value, and then the copper loss is calculated from the phase voltage. The iron loss is calculated based on 
this copper loss, the mechanical loss, and the total motor loss, and then the effective phase current that does not 
include the iron loss component is calculated by calculating the iron loss equivalent resistance value for the phase 
voltage. 

[0053] In addition, the voltage phase difference and the current phase difference are compensated by the compen- 
sating value of the voltage phase difference and the current phase difference read out from the operating data reading 
device, and then the effective phase difference that does not include the iron loss component is calculated. 
[0054] In addition, each of the inductances can be calculated with high precision taking into consideration the fluc- 
tuation of the copper loss, the discrepancy in the phase current due to the iron loss, and the detected error due to the 
phase delay of the position detecting device by calculating the magnetic field axis inductance and the torque axis 
inductance based on the induced voltage constant read out by the operating data reading device, the phase resistance 
value, the effective phase current, and the effective phase difference. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a structural diagram of the control apparatus of the brushless DC motor according to the embodiment of 
the present invention. 

Fig. 2 is a structural diagram showing the concrete structure of the feedback control unit an d the constant calculating 
unit shown in Fig. 1. 

Fig. 3 is astructural diagram showing the concrete structure of the detecting unit of the constant detecting apparatus 
of the brushless DC motor shown in Fig. 1 . 

Fig. 4 is a flowchart showing an outline of the operation of the constant detecting apparatus of the brushless DC 
motor. 

Figs. 5A and 5B are flowcharts showing the concrete operational actions of the constant detecting apparatus of 



Fig. 6 is a graph showing the phase delay G of the induced voltage found from the magnetic pole position Gre 
detected in the position sensor that changes along with the change in the number N of rotations. 
Fig. 7 is a graph showing the mechanical loss Ploss.mecha that changes along with the change in the number N 
of rotations. 

Fig. 8 is a graph showing the induced voltage constant Ke that changes along with the change in the rotor tem- 
perature Tmag. 

Fig. 9 is a drawing showing a model of the method for eliminating the iron loss current using the parallel circuit 
parameters. 

Fig. 10 is a drawing showing the voltage vector diagram using the parallel circuit parameters shown in Fig. 9. 
Fig. 11 is a structural diagram of a constant detecting apparatus of the brushless DC motor according to a modi- 
fication of the present embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0056] Below, an embodiment of a control apparatus for a brushless DC motor of the present invention will be ex- 
plained while referring to the drawings. Fig. 1 is a structural drawing of the control apparatus 1 0 for the brushless DC 
motor according to an embodiment of the present invention , Fig. 2 is a structural drawing showing the concrete structure 
of the feedback control unit 23 and the constant calculating unit 27 shown in Fig. 1 , and Fig. 3 is a structural drawing 
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showing the concrete structure of the detecting unit 26 of the constant detecting apparatus 15 for the brushless DC 
motor shown in Fig. 1 . 

[0057] The control apparatus 1 0 for the brushless DC motor 1 0 (below, referred to as the "motor control apparatus 
10") according to the present embodiment drives and controls the brushless DC motor 11 (below, referred to as the 
"motor 1 1 ") mounted, for example, an electric vehicle or a hybrid vehicle, and this motor 1 1 is structured comprising a 
rotor (not illustrated) having a permanent magnet that comprises a magnetic field and a stator (not illustrated) that 
generates a rotating magnetic field that rotates this rotor. 

[0058] As shown in Fig. 1 , this motor control apparatus 10 is structured comprising, for example, an ECU (electric 
control unit) 12, an inverter 13, a power source 14, and a constant detecting apparatus 15 for a brushless DC motor 
(below, referred to as the "constant detecting apparatus 15"). 

[0059] The inverter 13, which is an electrical switching device, acts as, for example, a PWM inverter using pulse- 
width modulation, and is structured from a bridged switching circuit using a plurality of switching elements, such as an 
IGBT In addition, the inverter 13 converts a direct current supplied form a power source 14 comprising a batter, fuel 
cell, or the like, to a 3-phase alternating current, and supplied it to the motor 11 . 

[0060] Specifically, the conduction of the current to the windings of the stator of the motor 11 is commutated in 



[0061] The ECU 12 controls the power converting operation of the inverter 13, and the U-phase AC voltage command 
value * Vu, the V-phase AC voltage command value * Vv, and the W-phase AC voltage command value * Vw are input 
as switching commands. The U-phase current lu, the V-phase current Iv, and the W-phase current Iw are output from 
the inverter 13 to each phase of the motor 1 1 depending on each of the voltage command values and Vu, Vv, and Vw. 
[0062] Thus, the ECU 12 is structured comprising a torque command calculating unit 21 , a target current calculating 
unit 22, and a feedback control unit 23. 

[0063] The torque command calculating unit 21 calculates the necessary torque value based, for example; on the 
accelerator manipulation amount Ac and the number N of rotations related to the driver's pressing on the accelerator 
or the like, and this torque value is output to the target current calculating unit 22 after generating the torque command 

* T generated by the motor 11. 

[0064] The target current calculating unit 22 calculates the current command for designating each of the phase 
currents lu, Iv, and Iw supplied to the motor 11 from the inverter 13 based on the torque command value * T, and this 
current command is output to the feedback control unit 23 as the d axis target current * Id and the q axis target current 

* Iq on the rotating orthogonal coordinate system. 

[0065] in the dq coordinate system that serves as this rotating orthogonal coordinate system, the direction of the flux 
of the rotor is the d axis (torque axis) and the direction orthogonal to this d axis is the q axis (magnetic field axis), and 
the dq coordinate system rotates at an electrical angular velocity core in synchronism with the rotor (not illustrated) of 
the motor 1 1 . Thereby, the d axis target current * Id and the q axis target current * Iq, which are direct current signais, 
are sent as current commands for the ac signal supplied to each phase of the motor 11 from the inverter 13. 
[0066] Here, the target current calculating unit 22 is structured comprising a d axis current calculating unit 24 and a 
q axis current calculating unit 25. 

[0067] As shown in the following equation 1 , the d axis current calculating unit 24 calculates the d axis target current 

* Id based on the torque command * T and the induced voltage constant Ke that is described below. 

[0068] As shown in the following equation 2, the q axis current calculating unit 25 calculates the q axis target current 

* Iq based on the torque command * T, the induced voltage constant Ke that is described below, the d axis inductance 
Ld, and the q inductance Lq. 



[0069] The feedback control unit 23 carries out the feedback control of the current on the dq coordinate system, 
calculates each of the voltage command values * Vu, * Vv, and * Vw based on the d axis target current * Id and the q 
axis of the target current * Iq, inputs the pulse width modulated signal to the inverter 13, and at the same time carries 
out control such that both the difference between the d axis current id and the q axis current Iq (which are obtained by 
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* transforming onto the dq coordinate system each of the currents lu, Iv, and Iw supplied to the motor 11 from the inverter 
13) and the difference between the d axis target current * Id and the q axis target current * fq become zero. 
[0070] Thereby, the signals of the d axis current Id and the q axis current Iq output from the constant detecting 
apparatus 1 5 and the d axis inductance Ld and the q axis inductance Lq and the like are input into the feedback control 
unit 23. 

[0071] The constant detecting apparatus 15 is structured comprising a detecting unit 26 and a calculating unit 27, 
and inputs the detected signal of the number N of the rotations of the motor 1 1 output from the detecting unit 26 provided 
in the motor 1 1 , a detected signal of the motor torque Tor output from the motor 1 1 , the detected signal of the magnetic 
pole position Gre (electric angle) of the motor 11, the detected signal of the motor temperature Tmag, that is, the 
temperature of the rotor (not illustrated) of the motor 1 1 , the detected signal of the winding temperatures T1 , Tn, 
that is, the temperatures at a plurality of locations on the windings of the stator (not illustrated) of the motor ' 1 1 ' the 
detected signal of the phase voltages (for example, the U phase voltage Vun between the U phase output point Uand 
the neutral point N between each of the phase output points of the inverter 13) supplied to each phase of the motor 
1 1 , the detected signal of the phase current (for example, the U phase current lu and the W phase current Iw) supplied 
to each of the phases of the motor 1 1 , and the detected signal of the power source voltage Vdc output from the power 
source 14. 

[0072] In addition, as will be described below, a predetermined compensating processing is carried out based on 
each of the types of the detected signals output from the detecting unit 26, and the d axis current Id and the q axis 
current Iq, the induced voltage constant Ke, and the d axis inductance Ld and the q axis inductance Lq are calculated. 
[0073] Moreover, the operational timing of the constant detecting apparatus 15 is not limited in particular, but pref- 
erably is set so as to operate at a timing that exceeds normal operational timing of the motor 11 or a predetermined 
number of rotations. 

[0074] Below, the feedback control unit 23 will be explained referring to Fig. 2. 

[0075] The d axis current Id and the q axis current Iq output from the constant detecting apparatus 1 5 are respectively 
25 input into the subtractors 31 and 32. 

[0076] In addition, the subtractor 31 calculates the difference Aid between d axis target current * Id and the d axis 
current Id, and the subtractor 32 calculates the difference Alq between the q axis target current * Iq and the q axis 
current Iq. 

[0077] In this case, because the d axis target current * Id and the q axis target current Iq, and the d axis current Id 
and the q axis current Iq are direct current signals, the phase delay and the oscillation error and the like are detected 
as a direct current part. 

[0078] The difference Aid and the difference Alq output from each of the subtractors 31 and 32 are input respectively 
into the current control units 33 and 34. 

[0079] In addition, the current control unit 33 calculates the d axis voltage command value * Vd by control that 
amplifies the difference Aid by a PI (proportional integration) operation or the like, and the current control unit 34 
calculates the q axis voltage command value * Vq by control that amplifies the difference Alq by a PI operation or the like. 
[0080] The d axis voltage command value * Vd output from the current control unit 33 and the q axis voltage command 
value * Vq output from the current control unit 34 are input into the dq 3-phase alternating current coordinate transformer 
38. 

[0081 ] The dq 3-phase alternating current coordinate transformer 38 transforms the d axis voltage command value 

* Vd and the q axis voltage command value * Vq on the dq coordinate system into, for example, a U phase alternating 
current voltage command value * Vu, a V phase alternating current voltage command value * Vv, and a W phase 
alternating current voltage command value * Vw on a 3-phase alternating current coordinate system, which is a sta- 
tionary coordinate system. 

[0082] In addition, the U phase alternating current voltage command value * Vu, the V phase alternating current 
voltage command value * Vv, and the W phase alternating current voltage command value Ww output from the dq 
3-phase alternating current coordinate system transformer 38 are supplied to the inverter 13 as switching commands 
in order to turn the switching element of the inverter 1 3 ON and OFF. 

[0083] Below, the constant detecting apparatus 15 will be explained while referring to Fig. 1 to Fig. 3. 
[0084] As shown in Fig. 3, the detecting unit 26 is structured comprising, for example, a rotation sensor 41 , a torque 
sensor 42, a position sensor 43, a rotor temperature sensor 44, a winding temperature sensor 45, a phase voltage 
detector 46, and for example, two phase current detectors 47 and 47. 

[0085] The rotation sensor 41 detects the number N of rotations of the rotor (not illustrated) of the motor 11 . 
[0086] The torque sensor 42 detects the motor torque Tor output from the motor 1 1 . 

[0087] The position sensor 43 detects the magnetic pole position 6re (phase angle) of the rotor (not illustrated) of 
the motor 11. Moreover, the magnetic pole position 6re (phase angle) corresponds to the phase angle of the induced 
voltage. 

[0088] The rotor temperature sensor 44 detects the motor temperature Tmag, that is, the temperature of the perma- 
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rient magnet provided in the rotor (not illustrated) of the motor 11 . 

[0089] The winding temperature sensor 45 detects the winding temperatures T1 , .... Tn (where n is an arbrtrary 
natural number), that is, the temperature at a plurality of predetermined positions for the motor windings that are wound 
around the stator of the motor 1 1 . 

[0090J The phase voltage detector 46 detects the phase voltage (for example, the U phase voltage Vun between the 
U phase output point U and the neutral point N between each of the phase output points of the inverter 13) supplied 
to each phase of the motor 11 , and based on the detected signal, the phase and the effective value of the primary 
component of the phase voltage, and furthermore, the effective value that includes all frequency components are 
calculated in the ECU 12. 

[0091] The phase current detectors 47 and 47 detect the phase current im (for example the U phase current lu) 
supplied to each phase of the motor 11 , and based on the detected signal, the phase and effective value of the primary 
component of the phase current and the effective value that includes all frequency components are calculated in the 
ECU 12. 

[0092] In addition, as shown in Fig. 2, the calculating unit 27 of the constant detecting apparatus 15 comprises, for 
example, an alternating current dq coordinate system transformer 51 , a d axis/q axis current calculating unit (ld'« lq 
calculating unit) 52, an induced voltage constant calculating unit (the Ke calculating unit) 53, and the d axis/q axis 
inductance estimation calculating unit (the Ld - Lq estimation calculating unit) 54. 

[0093] The alternating current/dq coordinate system transformer 51 transforms a suitable phase of the current, for 
example, the U phase current lu, on the static coordinate system to the d axis current Id and the q axis current lq on 
the rotating coordinate system, that is, the dq coordinate system, following the rotating phase of the motor 11 . 
[0094] The d axis/q axis current calculating unit 52, as will be described below, outputs the d axis current Id and the 
q axis current lq after compensation to the feedback control unit 23 as a new d axis current Id and q axis current lq. 
In this compensation, the iron loss component is eliminated by carrying out a predetermined compensating processing 
on the calculated d axis current Id and the q axis current lq that include the iron loss component in the current/dq 
coordinate system transformer 51 . 

[0095] As will be described below, the induced voltage constant calculating unit 53 searches in a map, for example, 
a preset map orthe like, forthe induced voltage constant Ke that changes depending on the motor temperature Tmag! 
based on the motor temperature Tmag while the motor 1 1 is being driven. 

[0096] As will be described below, the d axis/q axis inductance estimation calculating unit 54 calculates the d axis 
inductance Ld and the q axis inductance Lq during actual operation of the motor 11 , and outputs these to the ECU 12. 
[0097] The motor control apparatus 10 according to the present embodiment comprises the structure described 
above. Next the operation of this motor control apparatus 10, and in particular, the constant detecting apparatus 15, 
will be explained referring to the drawings. 

[0098] Fig. 4 is a flowchart showing an outline of the operation of the constant detecting apparatus 15; Fig. 5 is a 
flowchart showing the concrete calculating operation of the constant detecting apparatus 15; Fig. 6 is a graph showing 
the phase delay e of the induced voltage found from the magnetic pole position 8re detected in the position sensor 43 
that changes along with the change in the number N of rotations; Fig. 7 is a graph showing the mechanical loss 
Ploss_mecha that changes along with changes in the number N of rotations; Fig. 8 is a graph showing the induced 
voltage constant Ke that changes along with the change in the rotor temperature Tmag; Fig. 9 is a drawing showing a 
model of the method for eliminating the iron loss current using parallel circuit parameters; and Fig. 10 is a drawing 
showing a voltage vector diagram using the parallel circuit parameters of Fig 9. 

[0099] First, in step S01 shown in Fig. 4, each of the detected signals (measured values) from the detecting units 
26 is obtained. 

[0100] Next, in step S02, the copper loss Ploss_r after temperature compensation is calculated by compensating 

the winding resistance Ro that changes, for example, depending on the winding temperatures T1 Tn of the stator 

(not illustrated) of the motor 11 . 

[0101] Next, in step S03, the iron loss Plossjron is calculated based on the total iron loss Ploss_ail, the copper loss 
Ploss_r, and the mechanical loss Ptoss_mecha of the motor 11 . 

[0102] Next, in the step S04, as will be described later, the measured iron loss equivalent resistance ri_real \ s ca \. 
culated. 

[0103] Next, in the step S05, the effective phase current (below, referred to as "effective phase current") after elim- 
inating the iron loss is calculated. 

[0104] Subsequently, in step S06, the d axis inductance Ld and the q axis inductance Lq are calculated based on 
the phase resistance value, the induced voltage, and the effective current phase difference that are derived using the 
effective phase current after elimination of the iron loss and the above measured values. 
[0105] Next, in step S07, the voltage vector diagram is defined based on each of the inductances Ld and Lq. 
[0106] Below, the concrete calculating operation in the constant calculating unit 27 of the constant detecting appa- 
ratus 1 5 will be explained referring to the figures. 
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*[0107] First, in step S 11 shown in Fig/5, as initial setting values, the winding resistance Ro and the wiring resistance 
r during a preset normal temperature (for example, temperature # T = 20°) are read out from data stored in advance 
in the memory 28. 

[0108] Subsequently, in step S 12, as shown in the following equation 3, while the motor 1 1 is being driven, the phase 
resistance R after temperature compensation is calculated by adding the wiring resistance r to the value obtained by 
compensating the winding resistance Ro based on the winding temperatures T1 , Tn (where n is an arbitrary natural 
number) detected at a plurality of predetermined locations on the windings of the stator (not illustrated) of motor 11 
and the predetermined temperature slope coefficient C that differs depending on the material of the winding. 



Equation 3 



[0109] Next, in step S 13, from the phase voltage (for example, the U phase voltage Vun) detected in the phase 
voltage detector 46, the primary component of the phase voltage is calculated, for example, using a fast Fourier trans- 
former FFT, and then the effective value voltage, that is, the phase voltage primary component effective value voltage 
V, is calculated with respect to this primary component. 

[0110] Subsequently, in the step S 14, the voltage phase difference yl that represents the phase difference between 
the phase of the induced voltage and the phase of the primary component of the phase voltage is calculated based 
on the magnetic pole position 0re corresponding to the phase differences of the induced voltage detected in the position 
sensor 43 and the primary component of the phase voltage obtained, from example, by a fast Fourier transformer FFT, 
from the phase voltage (for example, the U phase voltage Vun) detected in the phase voltage detector 46. 
[0111] Next, in step S 1 5, the number N of rotations of the rotor (not illustrated) of the motor 11 is obtained by the 
rotation sensor 41 . 

[0112] Next, in step S 16, the phase delay G of the position sensor 43, which fluctuates depending on the number N 
of rotations of the motor 1 1 , is found with respect to the induced voltage from the data stored in advance in the memory 
28. 

[01 13] This means that in the motor 1 1 , fluctuations of the flux density occur in the magnetic field flux that permeates 
the windings of the stator due to the rotation of the rotor provided with the permanent magnet, and the induced voltage 
in the windings is induced. For this induced voltage, the phase of the induced voltage found from the magnetic pole 
position Gre (electrical angle) detected in the position sensor 43 has a phase delay G that fluctuates with an increasing 
tendency along with the increase in the number N of rotations of the motor 11 , as shown in Fig. 6. The data of the 
phase delay 0 for each of the number N of rotations is stored in the memory 28, and the constant calculating unit 27 
finds and reads out the phase delay G corresponding to the number N of the rotations detected during the rotation driving. 
[0114] Next, in stepS 17, the current phase difference a1 that represents the phase difference between the primary 
component of the phase current and the induced voltage is calculated based on the phase of the primary component 
of the phase current obtained, for example, by a fast Fourier transformer FFT, from the phase current Im (for example, 
the U phase current lu) detected in the phase current detector 47 and the phase of the induced voltage detected in 
the position sensor 43. 

[0115] Subsequently, in step S 18, as shown in the following equation 4, the compensating current phase difference 
a2 is calculated after compensating the phase delay 0 of the position sensor 43, which depends on the number N of 
the rotations that the rotation sensor 51 has detected, based on the phase delay G of the position sensor 43 found in 
step S 1 6 and the current phase difference a1 . 

[0116] Moreover, this compensating phase difference a2 is used in calculating the magnetic field inductance (the q 
axis inductance Lq) and the torque axis inductance (d axis inductance Ld), described below, which still include the iron 
loss component. 

Equation 4 
cc2 = a1 - 0 
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[01*17] Next, in step S 1 9, as shown in the following equation 5, the compensating voltage phase difference y, which 
represents the phase difference between the primary component of the phase voltage after compensation, and the 
phase of the induced voltage are calculated by subtracting the phase delay G of the position sensor 43 from the voltage 
phase difference yl based on the voltage phase difference y\ representing the phase difference between the phase 
of the induced voltage detected by the position sensor 43 calculated in step S 14 and the phase delay G of the position 
sensor 43 that is found depending on the number N of rotations in step S 16. 

[0118] This compensating voltage phase difference y serves as the effective voltage phase difference between the 
primary component of the phase voltage and the induced voltage, and is used in the calculation of the magnetic field 
axis inductance (q axis inductance Lq), described below, and the torque axis inductance (d axis inductance Ld). 



Equation 5 
Y=y1 -G 

[0119] Next, in step S 20, as shown in the following equation 6, the output power Pout of the motor 11 is calculated 
based on the number N of rotations of the motor 11 detected in the rotation sensor 41 and the motor torque Tor detected 
in the torque sensor 42. 



20 



Equation 6 
Pout = Tor • N 



25 [0120] Next, in step S 21 , as shown in the following equation 7, the copper loss Ploss_r is calculated based on the 
phase resistance value R calculated in step S 12 and the phase current Im (for example, the U phase current lu) that 
is the effective current value that includes all of the frequency components of the phase current detected in the phase 
current detector 47. 



30 

Equation 7 
Ploss_r = 3 • Im 2 • R 



35 [0121] Next, in step S 22, as shown in the following equation 8, the total loss Pioss_all of the motor 1 1 is calculated 
by subtracting the output power Pout of the motor 11 calculated in step S 22 from the detected value of the motor input 
power Pin supplied to the motor 11 from the inverter 13. 



40 Equation 8 

Ploss__all = Pin - Pout 



[0122] Subsequently, in step S 23, the mechanical loss Ploss_mecha that changes depending on the number N of 
45 rotations of the motor 11 is searched for in the data map stored in advance in the memory 28. Here, as shown in Fig. 
7, the mechanical loss Ploss_mecha possesses the property of changing at an increasing tendency accompanying an 
increase in the number N of rotations, the value of the mechanical loss Ploss_mecha for each of the number N of 
rotations is stored in memory 28, and the constant calculating unit 27 finds and reads out the value of the mechanical 
loss Ploss_mecha that corresponds to the number N of rotations detected during the driving of the rotation. 
so [0123] Next, in step S 24, based on the rotor temperature Tmag detected in the rotor temperature sensor 44 while 
the motor is being driven, the induced voltage constant Ke that changes depending on the rotation temperature Tmag 
is searched for and read out from a map such as a data map stored in advance in the memory 28. Additionally, as 
shown in the following equation 9, the induced voltage E after temperature compensation is calculated based on the 
induced voltage constant Ke and the number N of rotations. 
55 [0124] Moreover, as shown in Fig. 8, the induced voltage constant Ke changes with a slightly decreasing tendency 
accompanying an increase in the rotor temperature Tmag. 



16 



15 



EP1 220 439 A2 

Equation 9 
E = Ke - N 

5 

[0125] Next, in step S 25, the effective value current of the primary component of the phase current, that is, the phase 
current primary component effective value current le that is obtained, for example, by a fast Fourier transformer FFT, 
from the phase current Im (for example, the U phase current lu) detected in the phase current detector 47 is calculated. 
[0126] Next, in step S 26, as shown in the following equation 1 0, the iron loss Plossjron is calculated by subtracting 
10 the copper loss Ploss_r calculated in step S 21 and the mechanical loss Ploss_mecha found in step S 23 from the total 
loss Ploss_all of the motor 11 calculated in step S 22. 



Equation 10 

Plossjron = Pfoss^all -Ploss_r- Ploss_mecha 



[0127] Next, in step S 27, as shown in the following equation 11 , the measured iron loss equalized resistance ri_real 
is calculated based the effective value Vail that includes alt frequency components of the phase voltage obtained, for 
example, by a fast Fourier transformer FFT from the phase voltage (for example, the U phase voltage Vun) detected 
in the phase voltage detector 46 and the iron loss Plossjron calculated in step S 26. 

[0128] Moreover, as shown in Fig. 9 described below, when the following equation 11 is calculated, for example, the 
method for eliminating the iron loss current using the parallel circuit parameters is applied to the three phase windings, 
and three times the value of the iron loss equivalent resistor ri Is calculated. 



Equation 1 1 

ri_rea,^.J Vair > Z 
30 Poss_tron 



[0129] Next, in step S 28, as shown in the following equation 12, the magnetic field axis current value iq and the 
torque axis current value Id after elimination of the iron loss are calculated based on the phase current primary com- 
ponent effective value current le calculated in step S 25, the compensating current phase difference o2 that compen- 
sates the phase difference between the primary component of the phase current calculated in step S 1 8 and the phase 
of the induced current detected by the position sensor 43, the phase voltage primary component effective value voltage 
V calculated in step S 13, the compensating voltage phase difference (the effective voltage phase difference) ythat 
compensates the phase difference between the primary component of the phase voltage and the induced voltage after 
compensating the phase delay e of the position sensor 43 calculated in step S 1 9, and the measured iron loss equivalent 
resistance ri_real calculated in step S 27. The effective current phase difference a after eliminating the iron loss from 
each of the calculated current values Id and Iq is calculated, and then the phase current primary component I after 
eliminating the iron loss based on the calculated effective current phase difference a is calculated. 



45 
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Equations 12 



Id = I -cosa 



Ie • cos(a2) 



V -cosA 
rijeal 



Iq = I * sin a 



7e-sin(a2)- 



rijreal 



a = tan 



/sing 
I cos a 



/ = 



Icosa _ Isina 
cosa sma 



[0130] Next, in step S 29, as shown in the following equation 13, the d axis (torque axis) inductance Ld and the q 
axis (magnetic field axis) inductance Lq are calculated based on the number of poles P of the motor 11 , the angular 
velocity co, the compensating voltage phase difference (effective voltage phase difference) y, the effective current 
phase difference a after elimination of the iron loss and the phase current primary component I after elimination of the 
iron loss that was calculated in step 28, the phase resistance value R calculated in step S 12, the induced voltage E 
after temperature compensation calculated in step S 24, the phase voltage primary component effective value voltage 
V calculated in step S 13, and the sequence of the processing is completed. 



[0131] Below, an example of the calculation of the d axis (torque axis) inductance Ld and the q axis (magnetic field 
axis) inductance Lq will be explained. 

[0132] First, as an initial set value, the winding resistance Ro = 0.035 [Q] and the preset wiring resistance r = 0.004 

at the normal temperature are read. 
[0133] Next, the preset temperature slope coefficient C = 0.00393 of the lead wire and detected the winding temper- 
atures T1 = 115 [°C], T2 = 100 [°C], and T3 = 121 [°C] are substituted into equation 3, and the phase resistance value 
R = 0.052 [Q] is calculated. 

[0134] Next, the phase voltage primary component effective value V = 115 [V] calculated by Fourier transforming 

the phase voltage using a fast Fourier transformer FFT is obtained, and then the voltage phase difference y1 = 60 

[edeg] between the phase of the primary component of the phase voltage obtained using the fast Fourier transformer 

FFT and the phase of the induced voltage found from the signal of the position sensor 43 is calculated. 

[0135] Next, the number N of rotations = 12000 / 60 [1 / s] is detected using the detected signals from the rotation 

sensor 41 , and the phase delay G = -3 [edeg] when the number N of rotations = 1 2000 / 60 [1 / s] is read from the data 

map. 

[0136] Next, the current phase difference a1 = 63 [edeg] between the phase of the phase current primary component 
calculated by Fourier transforming the phase current using a fast Fourier transformer FFT and the phase of the above 
induced voltage is calculated. 

[0137] Next, by the above equation 4, the compensating current phase difference a2 = a1 - e = 63 - (-3) = 66 [edge] 
for the phase difference between the phase of the phase current primary component after compensating the phase 



Equations 13 



_ lAsin(g+ft)-/»fl-sina 

/♦(o-cosa 
E+ /-cosa ■ R- lAcos(a+p) 

/•tt-sina 



60 
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" delay G of the position sensor 43 and the induced voltage phase is calculated. 

[0138] Next, by the above equation 5, the phase difference y = y1 - 6 = 42 - (-3) = 45 [edge] between the phase of 
the phase voltage primary component after compensating the phase delay 9 of the position sensor 43 and the induced 
voltage phase is calculated. 

[0139] In addition, as represented in the following equation 14, the output power Pout = 25133 [W] is calculated 
using the above equation 6 based on the number N of the rotations and the torque Tor of the motor 11 . 



Equation 14 

Pout = Tor -N 

= 20M-^[l/*]x2x* 
60 1 J 

= 25133[^] 

[0140] In addition, as shown in the following equation 15, the iron loss Ploss_r = 1130 [W] is calculated using the 
above equation 7 based on the phase resistance value R and the phase current Im. 



Equation 15 

25 

Ploss_r = 3.(lmf R 

= 3- (85. if -0.02 
30 =1130[^] 

[0141] in addition, as shown in the following equation 16, the total loss Ploss_all = 1945 [W] of the motor 11 is 
calculated using the above equation 8 based on the output power Pout and the motor input power Pin supplied from 
35 the inverter 13. 

Equation 16 

40 

Plossjill = Pin - Pout 
= 27078-25133 
= 1945[JT] 

45 

[0142] Next, the mechanical loss Ploss_mecha = - 68 is searched for and obtained using the number N of rotations, 
the induced vottage constant Ke after the temperature compensation is searched for and obtained based on the rotor 
temperature Tmag, and as shown in the following equation 17, the induced voltage E = 180 [V] after temperature 
50 compensation using the above equation 9 is calculated based on these. 



£ = Ke-N 

= 0.015-12000 ...(17) 
= 180[F] 
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[0143] Next, the phase current primary component effective value current le = 83.5 [A] is calculated using a fast 
Fourier transformer FFT, and as shown in the following equation 18, the iron loss Plossjron = 747 [W] is calculated 
using the above equation 10 from the total loss Ploss_all, the copper loss Ploss_r, and the mechanical loss 
Ploss_mecha of the motor 11 . 

5 

Equation 18 

Plossjron = Ploss_all - Ploss_r - Plossjnecha 
= 1945-1 
= 747^] 



10 

= 1945-1130-68 



15 

[0144] Next, as shown in equation 19, the measured iron loss equivalent resistance rLreal = 69 [SI] is calculated 
using the effective value Vail that includes all the frequency components of the phase voltage, the iron loss Plossjron, 
and the above equation 11. 

20 

Equation 19 

25 ri_real = 3 — * L — 



30 



Plossjron 

747 
= 69[£2] 



[0145] Next, as shown in the following equation 20, the phase current primary component I • cos a = 33 [A] and I - 
sin a = 75 [A] after elimination of iron loss is calculated using the above equation 12 from the phase current primary 
35 component effective value currents le • cos cc2 and le - sin a2. 



40 
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Equations 20 



10 



15 



20 



25 



I • cosa = Ie • cos(2a) : 



V-cosA 



ri real 



V (69) 

= 83 ; 5 .0.407-!Ii^2I = 33M 
69 J 

/ • sm a = Ie • sm(a2 ) 

^ ■ 115 -sin (45) 

= 83.5sin(66) 

69 

= 83.5. 0.914-H^™I=7^] 
69 

a = tan-f L™) = tan-f ||] = 66.2[,deg] 



/ = 



33 



I* cosa _ 
cosa cos(66.2) 



= 81.8[4 



so [0146] In addition, as shown in the following equation 21 , based on the results of the above calculation, the d axis 
(torque axis) inductance Ld and the q axis (magnetic field axis) inductance Lq are calculated using the above equation 



13. 



35 



Equations 21 



40 



45 



r . E + 1 - cosa • R - V - cos(a + fi) 

Lq= : 1 

I'0}'Sina 

1804-81.8- cos(66.2) • 0.052 - 1 1 5 ; cos{66.2(45 - 66.2)} 
81.8- (12000- 4.2 ^/60) (66.2) 
= 0.000267[i/] 
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[0147] Below, the method for calculating the measured iron loss equivalent resistance ri_real in step 27 described 
above will be explained referring to Fig. 9. 

[0148] As shown in Fig. 9 and in the following equation 22, the d axis phase current led and the q axis phase current 
leq of the phase current le that includes the iron loss are represented as the d axis phase current Id and the q axis 
phase current lq that does not include iron loss summed with the d axis phase current id' and the q axis phase current 
lq' of the irorvloss current I 1 . 



55 



Equations 22 
led = id + Id' 
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leq = lq + lq' 



[0149] Here, as shown in the following equation 23, the iron loss Plossjron is represented by the iron loss equivalent 
resistance ri and the voltage Voverall of the iron loss equivalent resistance ri at both ends. 



Equation 23 
Ploss iron^ Voveral[ f 

n 



[0150] As shown in the following equation 24, the d axis phase current Id and the q axis phase current lq that do not 
include the iron loss phase current is represented by equation 22 and equation 23 described above, and the d axis 
phase voltage Vd and the q axis phase voltage Vq, and the d axis phase current Id and the q axis phase current lq of 
the above equation 1 2 are calculated by using the method for calculating the iron loss elimination based on the following 
equation 24. 

Equations 24 

Id = id'-Vd -fcf'- P/oss -i ront Vd 
r i (Voverall) 2 

fq - !q , Vq-i ql Ploss Jron-Vq 
r i (Voverall) 2 



[0151] Fig. 1 0 shows that voltage torque diagram using the parallel circuit parameters of Fig. 9. 
[0152] In defining the vector diagram, point F Id (I - cosa, I since) on the dq coordinate system is found using each 
of the phase currents Id (I - cosa) and lq (I - since) that have eliminated the iron loss component derived from the 
calculation method described above. 

[01 53] Next, the point A (Ke • N, O) on the d axis, which shows the induced voltage E after temperature compensation, 
is found based on the induced voltage constant Ke and the number N of rotations taking into consideration the fluctuation 
of the induced voltage that accompanies the temperature change of the rotor. 

[0154] Next, using the phase resistance value R that takes into consideration the fluctuation of the copper loss, point 
B (Ke • N + I • cosa • R, 0) on the d axis, on which the voltage drop of the d axis component due to the phase resistance 
value R is represented by the distance between point A and point B, is found. 

[0155] Next, the point E (V - cos (a + p), V - sin (a + p)) is found from the phase voltage primary component effective 
value voltage V, the effective current phase difference a, and the effective voltage phase difference y. 
[0156] Next, the point D (Ke - N + 1 - cosa • R, V . sin (a + p)) that shows the voltage drop of the magnetic field axis 
(the q axis) from point B is found. Here, p = y - a. 

[0157] Next, the point C (Ke • N + 1 • cosa • R, V • sin (a + P) - 1 • sina • R) that shows the voltage drop of the magnetic 
field axis (q axis) inductance Lq from point B is calculated. 

[0158] As shown above, the voltage vector diagram can be defined by finding the vector coordinates in the sequence 
point F, point A, point B, point E, point D, and point C. 

[0159] Moreover, in the case that the phase current that includes the iron loss component is used, like point P (le . 
cos 2a, le • sin2a), because a deviation in the phase voltage that includes an error occurs, defining an accurate voltage 
vector diagram is difficult. 

[0160] In the present embodiment, as shown in the above equation 12, a high precision phase current Id that takes 
into consideration the fluctuation of the copper loss, the fluctuation of the induced voltage, and the detection error in 
the position sensor 43, in addition to eliminating the iron loss component, can be found by using the phase resistance 
value R that takes into consideration the fluctuation of the copper loss, the induced voltage constant Ke that takes into 
consideration the fluctuation of the induced voltage that accompanies the temperature change of the rotor, the phase 
difference a2 that takes into consideration the detection error of the position sensor 43, and the measured iron loss 
equivalent resistance ri_real that is an iron loss component. 

[0161] In addition, as shown in the above equation 12, a phase difference a that eliminates the iron loss component 
from the high precision phase current Id and lq can be calculated, as shown in the above equation 13, the d axis (torque 
axis) inductance Ld and the q axis (magnetic field axis) inductance Lq can be calculated with high precision, and thus 
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the voltage vector diagram can be easily defined with high precision. 

[0162] Therefore, the voltage vector diagram that eliminates the iron loss component can be displayed in the display 
unit 29 provided in the constant detecting apparatus 1 5. In the display unit 29, it is also possible to display the detected 
values or the calculated values used in calculating the constants, such as the current phase difference ot1 that includes 

5 the iron loss and the phase error difference, the compensating effective current phase difference a2 that includes the 
iron loss and does not include the phase error, the voltage phase difference yl that includes the phase error, the 
compensating voltage phase difference y that does not include the phase error, the d axis phase current (the torque 
axis current value) Id that does not include the iron loss phase current, the q axis phase current (magnetic field axis 
current value) Iq that does not include the iron loss phase current, the d axis phase voltage Vd, and q axis phase 

10 voltage Vq. 

[01 63] As explained above, according to the constant detecting apparatus 1 5 of the brushless DC motor in the present 
embodiment, the magnetic field axis inductance Ld and the torque axis inductance Lq can be calculated with high 
precision by compensating the fluctuation of the copper loss, the fluctuation of the induced voltage, the detected error 
due to the phase delay of the position sensor 43, and the discrepancy of the phase current due to the iron loss based 
is on each of the detected signals output from each of the sensors 41 45 and each of the detectors 46 and 47 that 
form the detecting unit 26. 

[0164] Furthermore, according to the control apparatus 10 of the brushless DC motor that comprises the constant 
detecting apparatus 15 in the present invention, during the control of the brushless DC motor 11, accurate d axis target 
current * Id (torque axis current command value) and the q axis target current * Iq (magnetic field axis current command 

20 value) depending on the torque command * T can be calculated by using the d axis (torque axis) inductance Ld and 
the q axis (magnetic field axis) inductance Lq which have been detected with high precision, and the precision of the 
initial response can be increased. Furthermore, feedback control can be carried out based on the d axis current Id and 
the q axis current lq that do not include the iron loss component, and the responsiveness and the operational efficiency 
during control can be increased. 

25 [0165] Moreover, in the embodiment described above, in step S 24, the induced voltage E was calculated based on 
the induced voltage constant Ke after temperature compensation obtained from memory 28 by searching a map, but 
as in the constant detecting apparatus 55 for a brushless DC motor according to the modification of the present em- 
bodiment shown in Fig. 11 , an interruption circuit 56 comprising a contact or the like that can interrupt the power supply 
to the motor 1 1 can be provided between the inverter 1 3 and the motor 1 1 , and the calculation of each of the inductances 

so Ld and Lq can be carried out by detecting the voltage value of the induced voltage E directly by temporarily interrupting 
the power supply while the motor 11 is being driven. 

[0166] In this case, in the above equation 9, the induced voltage constant Ke can be calculated by the detected 
induced voltage E and the number N of the rotations of the motor 11 , and the induced voltage constant Ke can be 
accurately and easily calculated simply by measuring the induced voltage waveform of the brushless DC motor using 
35 the phase voltage detector 46. 

[0167] Furthermore, the number N of rotations of the motor 11 can be calculated from the induced voltage detected 
by the phase voltage detector 46 during the interruption of the power supply to the motor 1 1 , and thereby eliminate the 
rotation sensor 41 . 

[01 68] In addition, in the case that there is no connection line at the neutral point from the motor 1 1 , the phase voltage 
40 detector 46 can detect the voltage between the lines of the U-V phase, V-W phase, and the W-U phase, and an identical 
operational effect can be attained using these interline voltages. 

[0169] Moreover, the constant detecting apparatuses 15 and 55 of the brushless DC motor according to the embod- 
iment of the present invention can be realized by dedicated hardware, or can be structured by memory and a CPU, 
and these functions can be realized by loading into memory and executing a program (a program for detecting the 

45 constant of the brushless DC motor) for realizing the function of the constant detecting apparatuses 15 and 55. 

[0170] In addition, the constant detecting of the brushless DC motor can be carried out by recording on a computer 
readable recording media a constant detecting program for a brushless DC motor according to the above-described 
present invention and reading and executing in a computer the program recorded on this recording media. Moreover, 
what is termed "computer system" includes the OS and hardware such as peripherals. 

50 [0171] In addition, what is termed the "computer readable recording media" includes portable media such as floppy 
discs, magneto-optical discs, ROMs, and CD-ROMs, and storage apparatuses such as hard discs built into the com- 
puter system. Furthermore, what is termed "computer readable recording media" includes devices thattemporariiy and 
dynamically store a program such as a telecommunication network in the case of transmitting the program via a network 
such as the Internet or a communication line such as a telephone line, and in this case, includes devices that temporarily 

55 store programs such as the volatile-memory in a computer that serves as a server or client. 

[0172] In addition, the above program can realize a part of the functions described above, and furthermore, the 

functions described above can be realized by a combination of programs pre-stored in a computer system. 

[0173] A constant detecting apparatus 15 comprising a detecting unit 26 and a calculating unit 27. The detecting unit 
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26 is structured comprising a rotation sensor 41 , a torque sensor 42, a position sensor 43, a rotor temperature sensor 
44, a winding temperature sensor 45, a phase voitage detector 46, and phase current detectors 47 and 47. The cal- 
culating unit 27 calculates the induced voltage constant Ke that changes depending on the motor temperature Tmag 
while the motor 11 is being driven based on each of the detected signals from the detecting unit 26, and at the same 
time, the d axis current Id and the q axis current Iq are calculated after elimination of the iron loss, and the d axis 
inductance Ld and the q axis inductance Lq in the actual operating state of the motor 11 are calculated. 



Claims 

10 

1. A constant detecting apparatus for a brushless DC motor for detecting an inductance of a brushless DC motor 
which includes a rotor provided with a permanent magnet and a multiphase stator which includes a plurality of 
stator wirings for generating a rotating magnetic field to cause rotation of the rotor, comprising: 

a phase voltage detecting device for detecting a phase angle and an effective value of a phase voltage of said 
brushless DC motor, a phase current detecting device for detecting a phase angle and an effective value of a 
phase current, a position detecting device for detecting a phase angle of an induced voltage from the magnetic 
pole position of said rotor, and a rotation number detecting device for detecting a number of rotations; 
a phase resistance value calculating device for calculating the phase resistance value and an induced voltage 
constant calculating device for calculating an induced voltage constant respectively based on the temperature 
of said brushless DC motor; 

a phase difference calculating device for calculating a voltage phase difference between the induced voltage 
and the phase voltage and a current phase difference between phases of the induced voltage and said phase 
current; 

a phase compensation value calculating device for calculating a phase compensation value which is used for 
compensating said voltage phase difference and said current phase difference based on said number of ro- 
tations; 

an iron loss calculating device for calculating an iron loss of said brushless DC motor; 
an effective phase current calculating device for calculating the effective phase current by subtracting the iron 
loss component from said phase current; and 

an inductance calculating device for calculating a magnetic field axis inductance and a torque axis inductance 
based on said phase resistance value, said number of rotations, said induced voltage constant, said voltage 
phase difference, said current phase difference, said phase compensating value, and said effective phase 
current. 

A constant detecting apparatus for a brushless DC motor according to claim 1 , further comprising an output torque 
detecting device for detecting the output torque of said brushless DC motor, 
wherein said iron loss calculating device comprises: 

a motor power calculating device for calculating a motor output power and a motor input power of said brushless 
DC motor based on said output torque and said number of rotations; 

a copper loss calculating device for calculating the copper loss based on said phase resistance value and said 
phase current; 

a total motor loss calculating device for calculating the total motor loss by subtracting said motor output power 
from said motor input power; 

a mechanical loss calculating device for calculating the mechanical loss of said brushless DC motor; 
a subtracting device for calculating said iron loss by subtracting said copper loss and said mechanical loss 
from said total motor loss; and 

an equivalent resistance value calculating device for calculating a measured iron loss equivalent resistance 
value based on the effective value of said phase voltage including all frequency components and said iron loss. 

3. A constant detecting device for a brushless DC motor according to claim I, wherein 

said phase resistance value calculating device calculates said phase resistance value based on the temper- 
ature of said stator windings; and 

said induced voltage constant calculating device calculates said induced voltage constant based on the tem- 
perature of said rotor. 
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A constant detecting device for a brushless DC motor according to claim 1 having a rotor which has a permanent 
magnet and a multiphase stator which generates a rotating magnetic field for causing rotation of the rotor, and the 
brushless DC motor is rotated by an electric switching device comprises: 

a phase voltage detecting device for detecting the phase angle and the effective value of the phase voltage 
of said brushless DC motor and a phase current detecting device for detecting the phase angle and the effective 
value of the phase current; 

a position detecting device for detecting a phase angle of the induced voltage from the magnetic pole position 
of said rotor and a rotation number detecting device for detecting the number of rotations; 
a phase resistance value calculating device for calculating the phase resistance value based on the temper- 
ature of said brushless DC motor; 

a phase difference calculating device for calculating a voltage phase difference between said induced voltage 
and phase voltage and a current phase difference between the induced voltage and phase current; 
a phase compensating value calculating device for calculating the phase compensating value for compensat- 
ing said voltage phase difference and said current phase difference; 

an iron loss calculating device for calculating the iron loss of said brushless DC motor during rotation; 

an effective phase current calculating device for calculating the effective phase current based on said iron loss 

by subtracting the iron loss component from said phase current; and 

an power supply interrupting device for temporary interrupting power supply from said electric switching device 
to said brushless DC motor; and 

an inductance calculating device for detecting the voltage value of the induced voltage by said phase voltage 
detecting device during interrupting the power supply by said power supply interruption device, and calculates 
the magnetic field axis inductance and the torque axis inductance based on said phase resistance value, said 
voltage value of said induced voltage, said voltage phase difference, said current phase difference, said phase 
compensating value, and said effective phase current. 

A constant detecting device for a brushless DC motor having a rotor which has a permanent magnet and a mul- 
tiphase stator which generates a rotating magnetic field for causing rotation of the rotor, and the brushless DC 
motor is rotated by an electric switching device comprises: 

a stator winding temperature detecting device for detecting the temperature of said rotor windings; 
a rotor temperature detecting device for detecting the temperature of said rotor; 

a phase voltage detecting device for detecting the phase angle and the effective value of the phase voltage; 
a phase current detecting device for detecting the phase angle and the effective value of the phase current; 
a position detecting device for detecting the phase angle of the induced voltage from the magnetic pole position 
of the rotor; 

a rotation number detecting device for detecting the number of rotations; 
an output torque detecting device for detecting the output torque; 

a phase difference detecting device for calculating the voltage phase difference between phases of the induced 
voltage and the phase voltage and the current phase difference between phases of the induced voltage and 
the phase current; 

a storage device that stores the winding resistance value of said windings and the wiring resistance value of 
the connecting wiring of said brushless DC motor at a predetermined temperature, said voltage phase differ- 
ence set in advance depending on said number of rotations and the mechanical loss that is set in advance 
depending on the compensated value of said current phase difference and said number of rotations, and the 
induced voltage constant set in advance depending on the temperature of said rotor; 
a phase resistance value calculating device for calculating the phase resistance value of said brushless DC 
motor during rotation based on said winding temperature, said winding resistance value, and said wiring re- 
sistance value; 

a phase difference compensating device for calculating the compensating voltage phase difference and the 
compensating current phase difference that compensate said current phase difference and said voltage phase 
difference based on said compensating value; 

a motor power calculating device for calculating the motor output power and the motor input power of said 
brushless DC motor based on said output torque and said number of rotations; 

a copper loss calculating device for calculating the copper loss based on an effective value of said phase 
resistance value including all frequency components and said phase current; 

a total motor loss calculating device for calculating the total motor loss by subtracting said motor output power 
from said motor input power; 
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a subtracting device for calculating said iron loss by subtracting said copper loss and said mechanical loss 
from said total motor loss; 

an equivalent resistance value calculating device for calculating the measured iron loss equivalent resistance 
value based on the effective value of said phase voltage that includes all frequency components and said iron 
loss; 

an effective phase current calculating device for calculating the effective phase current excluding the iron loss 
component by subtracting the iron loss component from the effective value of said phase current and an 
effective phase difference calculating device for calculating the effective current phase difference excluding 
the iron core component from said compensating current phase difference, based on the magnetic filed axis 
current value and the torque axis current value of said effective phase current; and 

an inductance calculating device for calculating the magnetic field axis inductance and the torque axis induct- 
ance based on said phase resistance value, said number of rotations, said induced voltage constant, said 
effective phase current, said compensating voltage phase difference, and said effective current phase differ- 
ence. 

A control apparatus for a brushless DC motor for rotating a brushless DC motor including a rotor provided with a 
permanent magnet and a multiphase stator having stator windings which generate a rotating field for rotating the 
rotor, using an electric switching device including a plurality of switching elements for sequentially commuting 
electricity to said stator windings, comprises: 

a phase voltage detecting device for detecting the phase angle and the effective value of the phase voltage 
of said brushless DC motor and a phase current detecting device for detecting the phase angle and the effective 
value of the phase current; 

a position detecting device for detecting the phase angle of the induced voltage from the magnetic pole position 
of said rotor and a rotation number detecting device for detecting the number of rotations; 
a phase resistance value calculating device for calculating the phase resistance value and an induced voltage 
constant calculating device for calculating the induced voltage constant, based on the temperature of said 
brushless DC motor; 

a phase difference calculating device for calculating the voltage phase difference comprising the difference 
between the phases of said induced voltage and said phase current and the current phase difference com- 
prising the difference between the phases of the induced voltage and phase current; 
a phase compensating value calculating device for calculating the phase compensating value that compen- 
sates said voltage phase difference and said current phase difference based on said number of rotations; 
an iron loss calculating device for calculating the iron loss of said brushless DC motor during rotation; 
an effective phase current calculating device for calculating the effective phase current based on said iron loss 
by subtracting the iron loss component from said phase current; 

an inductance calculating device for calculating the magnetic field axis inductance and the torque axis induct- 
ance based on said phase resistance value, said number of rotations, said induced voltage constant, said 
voltage phase difference, said current phase difference, said phase compensating value, and said effective 
phase current; 

a torque command input device that inputs the torque command value; 

a current command value calculating device for calculating the magnetic field axis current command value 
and the torque axis current command value based on said induced voltage constant, said magnetic field axis 
inductance, said torque axis inductance, and said torque command value; and 

a pulse width modulated signal output device that outputs a pulse width modulated signal to said electric 
switching device based on said magnetic field axis current command value and said torque axis current com- 
mand value. 

A control apparatus for a brushless DC motor according to claim 6, further comprising an output torque detecting 
device for detecting the output torque of said brushless DC motor, wherein said iron loss calculating device com- 
prises: 

a motor power calculating device for calculating the motor output power and trie motor input power of said 
brushless DC motor based on said output torque and said number of rotations; 

a copper loss calculating device for calculating the copper loss based on said phase resistance value and said 
phase current; 

a total motor loss calculating device for calculating the total motor loss by subtracting said motor output power 
from said motor input power; 
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a mechanical loss calculating device for calculating the mechanical loss of said brushless DC motor; 

a subtracting device for calculating said iron loss by subtracting said copper loss and said mechanical loss 

from said total motor loss; and 

an equivalent resistance value calculating device for calculating the measured iron loss equivalent resistance 
value based on the effective value of said phase voltage that include all frequency components and said iron 
loss. 



A control apparatus for a brushless DC moto r according to claim 6, wherein said phase resistance value calculating 
device calculates said phase resistance value based on the temperature of said stator windings, and said induced 
voltage constant calculating device calculates said induced vottage constant based on the temperature of said rotor. 

A control apparatus for a brushless DC motor that rotates a brushless DC motor including a rotor which has a 
permanent magnet and a multiphase stator having stator windings which generate a rotating field for rotating the 
rotor using an electric switching device composed of a plurality of switching elements and by sequentially com- 
muting the electricity to said stator winding comprises: 



a phase voltage detecting device for detecting the phase angle and the effective value of the phase voltage 
of said brushless DC motor; 

a phase current detecting device for detecting the phase angle and the effective value of the phase current; 
a position detecting device for detecting the phase angle of the induced vottage from the magnetic pole position 
of said rotor; 

a rotation number detecting device for detecting the number of rotations; 

a phase resistance value calculating device for calculating the phase resistance value based on the temper- 
ature of said brushless DC motor; 

a phase compensating value calculating device for calculating the phase compensating value that compen- 
sates said voltage phase difference and said current phase difference; 

an iron loss calculating device for calculating the iron loss of said brushless DC motor during rotation; 

an effective phase current calculating device for calculating the effective phase current by subtracting the iron 

loss component from said phase current based on said iron loss; 

a power supply interrupting device for temporarily interrupting the power source from said electric switching 
device to said brushless DC motor; 

an inductance calculating device for detecting the voltage value of the induced voltage by said phase voltage 
detecting device during the power supply interruption by said power supply interrupting device, and calculates 
the magnetic field axis inductance and the torque axis inductance based on said phase resistance value, the 
voltage value of said induced voltage, said voltage phase difference, said current phase difference, said phase 
compensating value, and said effective phase current; 
a torque command input device that inputs the torque command value; 

a current command value calculating device for calculating the magnetic field axis current command value 
andthetorque axis current command valuebased on said induced voltage, said magnetic field axis inductance, 
said torque axis inductance, and said torque command value; and 

a pulse width modulated signal output device that outputs a pulse width modulated signal to said electric 
switching device based on said magnetic field axis current command value and said torque axis current com- 
mand value. 



A control apparatus for a brushless DC motor that rotates a brushless DC motor comprising a rotor that has a 
permanent magnet and a multiphase stator having stator windings that generate a rotating field that rotates this 
rotor using an electric switching device that comprises a plurality of switching elements and sequentially commutes 
the electricity to said stator windings, comprises: 



a winding temperature detecting device for detecting the temperature of said stator winding; a rotor temperature 
detecting device for detecting the temperature of said rotor; a phase voltage detecting device for detecting the 
phase angle and the effective value of the phase voltage; a phase current detecting device for detecting the 
phase angle and the effective value of the phase current; a position detecting device for detecting the phase 
angle of the induced voltage from the magnetic pole position of said rotor; a rotation number detecting device 
for detecting the number of rotations; an output torque detecting device for detecting the output torque, in 
order to detect the rotating brushless DC motor by said electric switching device; the control apparatus further 
comprises: 
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a phase difference calculating device for calculating the voltage phase difference comprising the difference 
between the phases of said induced voltage and phase voltage and the current phase difference com- 
prising the differences in the phases of the induced voltage and the phase current; 
a memory device which stores the winding resistance value of said winding and the wiring resistance 
value of the connecting wiring of said brushless DC motor at a predetermined temperature, said pre-set 
voltage phase difference and the compensated, value of said current phase difference that depend on 
said number of rotations, the preset mechanical loss that depends on said number of rotations, and a 
preset induced voltage constant that depends on the temperature of said rotor; 

a phase resistance value calculating device for calculating the phase resistance value of said brushless 
DC motor during rotation based on said winding temperature, said winding resistance value, and said 
wiring resistance value; 

a phase difference compensating device for calculating the compensating voltage phase difference and 
the compensating current phase difference that compensate said current phase difference and said volt- 
age phase difference based on said compensating value; 

a motor power calculating device for calculating the motor output power and the motor input power for 
said brushless DC motor based on said output torque and said number of rotations; 
a copper loss calculating device for calculating the copper loss based on said phase resistance value and 
effective value of said phase current that includes all frequency components; 

a total motor loss calculating device for calculating the total motor loss by subtracting said motor output 
power from said motor input power; 

a subtracting device for calculating said iron loss by subtracting said copper loss and said mechanical 
loss from said total motor loss; 

an equivalent resistance value calculating device for calculating the measured iron loss equivalent resist- 
ance value based on the effective value of said phase voltage that includes all frequency components 
and said iron loss; 

an effective phase current calculating device for calculating the effective phase current eliminating the 
iron core component by subtracting the iron loss from the effective value of said phase current based on 
said measured iron loss equivalent resistance value, and said compensating current phase difference; 
an effective phase difference calculating device for calculating the effective current phase difference elim- 
inating the iron loss components from said compensating current phase difference based on the magnetic 
field axis current value and the torque axis current of said effective phase current; 
an inductance calculating device for calculating the magnetic field axis inductance and the torque axis 
inductance based on said phase resistance value, said number of rotations, said induced voltage constant, 
said effective phase current, said compensating voltage phase difference, and said effective current phase 
difference; 

a torque command input device which inputs the torque command value; 

a current command value calculating device for calculating the magnetic field axis current command value 
and the torque axis current command value based on said induced voltage constant, said magnetic field 
axis inductance, said torque axis inductance, and said torque command value; and 
a pulse width modulated signal output device which outputs a pulse width modulated signal to said electric 
switching device based on said magnetic field axis current command value and said torque axis current 
command value. 



A constant detecting program for a brushless DC motor for making a computer function as a device for calculating 
the inductance of a brushless DC motor during rotation comprises: 

a phase resistance value calculating device for calculating the phase resistance value and an induced voltage 
constant calculating device for calculating the induced voltage constant, based on the temperature of said 
brushless motor; 

a phase difference calculating device for calculating the voltage phase difference comprising the difference 
between the phases of said induced voltage and phase voltage and the current phase difference comprising 
the difference between the phases of the induced voltage and phase current; 

a phase compensating value calculating device for calculating the phase compensating value that compen- 
sates said voltage phase difference and said current phase difference based on the number of rotations of 
said brushless DC motor; 

an iron loss calculating device for calculating the iron loss of said brushless DC motor; 

an effective phase current calculating device for calculating the current value of the effective phase current 

by subtracting the iron loss component from said phase current of said brushless DC motor based on said 
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iron loss; and 



an inductance calculating device for calculating the magnetic field axis inductance and the torque axis induct- 
ance based on said phase resistance value, said number of rotations, said induced voltage constant, said 
voltage phase difference, said current phase difference, said phase compensating value, and said effective 
phase current. 

12. A program for detecting the constant of a brushless DC motor which causes a computer to function as a device 
for calculating the inductance of a brushless DC motor during rotation, wherein said program comprises: 

a operating data reading device which reads as operating data the temperature of the stator windings and the 
temperature of the rotor of said brushless DC motor, the phase angle and the effective value of the phase 
voltage, the phase angle and effective value of the phase current, the voltage phase difference comprising 
the difference between the phases of the induced voltage and the phase voltage, the current phase difference 
comprising the difference between the phases of the induced voltage and the phase current, the number of 
rotations, the output torque, the winding resistance value of said winding and the wiring resistance value of 
the connection wiring of said brushless DC motor at a predetermined temperature, the compensating value 
for said voltage phase difference and said current phase difference that has been set in advance depending 
on said number of rotations and the mechanical loss that has been set in advance depending on said number 
of rotations, and the phase angle of the induced voltage constant and the induced voltage that has been set 
in advance depending on the temperature of said rotor; 

a phase resistance value calculating device for calculating the phase resistance value of said brushless DC 
motor during rotation based on said winding temperature, said winding resistance value, and said wiring re- 
sistance value; 

a phase difference calculating device for calculating said voltage phase difference and said current phase 
difference; 

a phase difference compensating device for calculating the compensating voltage phase difference and the 
compensating current phase difference that compensate said current phase difference and said voltage phase 
difference based on said compensating value; 

a motor out calculating device for calculating the motor output power and motor input power of said brushless 
DC motor based on said output torque and said number of rotations; 

a copper loss calculating device for calculating the copper loss based on the effective value of said phase 
current that includes all frequency components and said phase resistance value; 

a total motor loss calculating device for calculating said total motor loss by subtracting said motor output power 
from said motor input power; 

a subtracting device for calculating said iron loss by subtracting said copper loss and said mechanical loss 
from said total motor loss; 

an equivalent resistance value calculating device for calculating the measured iron loss equivalent resistance 
value based on the effective value of said phase voltage that includes all frequency components and the 
measured iron loss; 

an effective phase current calculating device for calculating the current value of the effective phase current 
eliminating the iron loss component by subtracting the iron loss component from the effective value of said 
phase current based on said measured iron loss equivalent resistance value and said compensating current 
phase difference; 

an effective phase difference calculating device for calculating the effective current phase difference eliminat- 
ing the iron loss component from said compensating current phase difference based on the magnetic field 
axis current value and the torque axis current value of said effective phase current; and 
an inductance calculating device for calculating the magnetic field axis inductance and the torque axis induct- 
ance based on said phase resistance value, said number of rotations, said inductance voltage constant, said 
effective phase current, said compensating voltage phase difference, and said effective current phase differ- 
ence. 
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FIG. 5A 
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FIG. 5B 
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